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There were  over  25,488  fire  incidents  recorded  in New  Zealand  in  2007/08, 
according  to  the New  Zealand  Fire  Service  (NZFS)  2006/07  Annual  Report. 
These  fires  resulted  in  34  fatalities  and  many  more  serious  injuries  and 







A  survey  done  in UK  and  some  European  countries  in  2000  by  EUROFEU 
identified  that  in  80%  of  the  cases  a  portable  fire  extinguisher  successfully 
extinguished  the  fire  and  in  75%  of  those  cases  the  Fire  Service  was  not 
required to attend. These  incidents were therefore not recorded  in any official 
statistics. According to the survey it was estimated that fire extinguisher usage 
actually could save ₤1.5 million each year in terms of Fire Service resources. 
This report uses historical data available from 1990 – 2007 from the NZFS FIRS 
database  and  usage  statistics  generated  from  conducting  a  survey  of  service 
agencies  for  fire  extinguishers  in  New  Zealand.  This  report  also  evaluates 
prescriptive  requirements  existing  in  New  Zealand  and  compares  with 
prescriptive requirements outside of New Zealand. 
 The  current  statistics  using  the  NZFS‐FIRS  data  shows  that  there  is  a 
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service  agencies  shows  that  the majority  of  extinguisher  usage  does  not  get 
reported for official statistics. State reason 
The  further cost benefit analysis has been done  for  typical occupancies where 
the use of extinguishers is expected because of the occupancy and competence 
level  of  occupants. Risk  simulations  for  different  scenarios  of  fire  protection 
system use and success was used to determine cost of a fire  in terms of direct 
property  losses,  Fire  Service  costs  and  other  indirect  economic  losses. Direct 
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1.1 Initiative for Research 
The  current New Zealand  regulations  require  the  installation  of portable  fire 
extinguishers and hose reels under specific circumstances in buildings as a Fire 
Safety  Precaution.  These  documents  are  the  Compliance  Document  C/AS1[1] 
issued  by  the Department  of  Building  and Housing, New Zealand  Sprinkler 
Standards[2], Health and safety in Employment Act, Hazardous substances and 
New  Organisms  Act, New  Zealand  Fire  Service  Code  of  Practice, Maritime 
Safety Act[3,4].  
These current New Zealand regulations are not definitive of  the requirements 
as  each  legislation  provides  guidance  to  specific  conditions  that  require 
installation  of  portable  fire  extinguishers  and  hose  reels.  Some  legislation 
overrides others to have the installations removed under specific circumstances. 
This is causing a lot of confusion amongst designers, regulators, inspectors, Fire 






all  times.  Fire  extinguishers  can  provide  additional  protection  while  the 
building  is occupied and  they can significantly  reduce  losses  resulting  from a 
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in  a building. This  research uses  an  information gathering  exercise  involving 
literature  search  for  fire  extinguisher  benefit  studies  around  the  world, 
assimilation  of  current  information  available  from  Fire  Service  and  service 
companies regarding usage of extinguishers on fires, calculating a standard cost 
for installation and maintenance of extinguishers for the life‐time of a building. 
(This  includes  required  training  costs),  discussions with  fire  professionals  in 
terms  of  risk  assessment  to  life  safety  by  removing  extinguishers  from 
buildings,  a  risk  analysis  to  determine  fire  losses  and  compare  it  with  fire 
scenarios for different building types and a survey of fire extinguisher usage in 
New Zealand using feedback from the extinguisher service companies. 
1.2  Hand Operated Fire Fighting Equipment (HOFFE) 
Hand operated  fire  fighting equipment  (HOFFE) are considered  to be  the  first 
aid devices for fighting a fire which is small and could develop into a large fire 
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1.2.2 Classes of Fire 
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according  to  fuel  type. The  following data  has  been  extracted  from  the New 
Zealand Fire Service[5,6] and Wormald training documents[7]. 





Class B  Fires  involving  flammable  and  combustible  liquids  (e.g.  Petrol, 
diesel  and methylated  spirits. Protection  from  flammable  liquid  fires  shall be 
provided by the following types of extinguishers: 
Foam, Dry Powder, Carbon Dioxide (limited effectiveness and possible splash hazard) 
Note  that water must  not  be  used  on Class  B  fires.   Note  also  that  alcohol‐
resistant  foams  should  be  used  for  risks  involving  polar  solvents.    Polar 
solvents are  liquids  that will mix  to any degree with water. Examples of  this 
type  of  fuel  are  alcohols,  enamel  and  lacquer  thinners, methyl  ethyl  ketone 
(MEK), and acetone. 
Class C Fires involving combustible gases (e.g. LPG, CNG and propane) 
It  is  recommended  that  isolation  at  the  source  as  the  only  safe  way  of 
extinguishing a  flammable gas  fire.    It  is recommended  that extinguishing  the 
fire  by  any  other  means  if  isolation  is  possible  immediately  after 
extinguishment.  Suitable extinguishers for Class C fires are: 
Dry powder, Carbon Dioxide (limited effectiveness) 
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Class D  Fires  involving  combustible metals  (e.g. Magnesium,  aluminium 
and sodium.   This  type of  fire may be more common  than  first suspected,  for 
example  in  a  car  parts  warehouse  that  stocks  magnesium  alloy  wheels.  
Specialist advice on extinguisher selection should be sought. 
Class E  Fires involving electrically energized equipment 
While  electricity  is  not  a  fuel  as  such,  its  impact  on  extinguisher  selection 
requires that it be given its own class. Where an extinguisher is likely to be used 




Note  that  water  is  a  conductor  of  electricity,  so  water  and  water  based 
extinguishers  including  foam  and  wet  chemical  must  not  be  used  on  fires 
involving electrically energized equipment.  
Class F  Fires  involving  cooking  fats  and  oils  (eg.  Shallow  and  deep  fat 
fryers.  Protection  from  cooking  oil  and  fat  fires  can  be  provided  by  the 
following types of extinguishers: 
Wet Chemical,  Foam  (limited  effectiveness), Dry  powder  (BE  type  only  and  limited 
effectiveness), Carbon Dioxide (limited effectiveness and splash hazard) 
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1.2.3 Classifications and Ratings of extinguishers 
Classification  is a way of determining by  test, which  class or  classes of  fire a 
particular extinguisher  is suitable for use on. Rating  is a method of measuring 
the comparative performance of different fire extinguishers on a given class of 
fire,  under  specific  test  conditions.  The method  of  classifying  and  rating  fire 
extinguishers used in this country is contained in AS/NZS 1850.   
The classification of an extinguisher  is based on  its ability  to extinguish a  fire 
comprised  of  purely Class A,  B, C, D  or  F  fuel.    If  a  particular  extinguisher 
meets the test requirements for a Class A fire, it will display the letter ‘A’, if it 
meets  the  requirements  for a Class B  fire,  it will display  the  letter  ‘B’, and  so 
forth. Many extinguishers will have more  than one  classification,  i.e.  they are 
capable of extinguishing more than one class of fire, which is important because 








an  extinguisher  is  classified  and  rated  for  more  than  one  class  of  fire,  the 
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1.2.4 Electrical Non-conductivity Rating of extinguishers 




an  extinguisher,  i.e.  2A:40B:E,  and  indicates  that  the  extinguishant,  as 
discharged,  is non‐conductive. Remember that an extinguisher appropriate for 
the class(es) of fire  involved must still be selected.   Most electrically energised 
fires  are  usually  Class A  fires,  so  an  extinguisher with  both  an  ‘A’  and  ‘E’ 
classification would therefore be required. Extinguishers produced prior to 1981 
were marked ‘C’ to indicate electrical non‐conductivity. 










1.2.6 Selection of Extinguisher Type    
There  are  a  number  of  different  types  of  extinguishing  mediums  available 
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(b) Possible  effects  of  adverse  environmental  conditions  on  the  fire 
extinguisher and it support fixture;  
(c) Possibility  of  adverse  reactions,  contamination  or  other  effects  of  an 
extinguishant on manufacturing processes or equipment; 
(d) Possibility  of  winds  or  draughts  affecting  the  distribution  of  the 
extinguishant; 
(e) Possible  effects  of  vibration  at  the  installation  location  on  the 
extinguisher  components  or  contents  e.g.  compaction  of  dry  powder 
extinguishant; 
(f) Possible  effects  on  health  and  safety  when  extinguishers  are  used  in 
confined  spaces,  e.g.  CO2  may  cause  oxygen  deficiency,  BCF  may 
produce  hazardous  decomposition  products  and  dry  powder  may 
temporarily reduce visibility or cause respiratory irritation. 
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For fire involving 
combustible metals use 
special purpose  
extinguisher 
Water 
YES NO NO NO NO 
Dangerous if used on 
flammable liquid, energized 
electrical equipment and 
cooking oil/fat fires 
Wet 
Chemical YES NO NO NO YES 
Dangerous if used on 
energized electrical 
equipment 
Foam YES YES NO NO LIMITED 




Powder YES  YES  YES  YES NO 
BE 
Powder NO YES YES YES LIMITED 
Look carefully at the 
extinguisher to determine if  
it is a BE or ABE unit as  
the capability is different 
Carbon 
Dioxide LIMITED LIMITED LIMITED YES LIMITED 
Not suitable for  
outdoor use 
LIMITED indicates that the extinguishant is not the agent of choice, but may have a limited extinguishing capability 
Solvents such as alcohol and acetone mix with water and therefore require alcohol-resistant foam 
Bold text indicates the class or classes in which the agent is most effective 
Table 1.1: Extinguisher Selection Chart 
 
1.2.7 Distribution of Extinguishers     




The classification and rating of each  fire extinguisher shall be at  least equal  to 
that which is appropriate to the hazard of the area protected. Using a number of 
lower rating extinguishers is not permitted to attain the level of protection. It is 
permitted  to  have  extinguishers  of  higher  classification  and  rating  than  that 
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Max Distance of 
Travel to an 
Extinguisher 
(m) 
Light 300 2A 2 30 
Medium 200 2A 2 30 
High 150 2A 2 30 
In the case of intermediate levels, such as mezzanine floors, extinguishers shall be placed so that at least two are 
readily available to service such areas of which at least one shall be on the intermediate level. 
Table 1.2: Extinguisher cover to floor area  
 
Where  specific  risks  other  than Class A  are  present,  extinguishers  of  a  type 
appropriate  to  the  risk  shall  be  provided.    The  Fire  Service  recommends 





1.2.8 Installation of Extinguishers     








  Page 1-22  
   
  
 
1.2.9 Maintenance of Extinguishers     
Inspection, testing and maintenance of fire extinguishers are set out in part 6 of 
NZS  4503:2005[8]  to  comply  with  AS/NZS  1841.  All  equipment  shall  be 
maintained  in  a  fully  charged  and  operational  condition  and  kept  in  its 
designated place at all times ready for use in the event of a fire.  Recommended 
maintenance procedures are also advised by the Fire Service. 
1.2.10 Fire Extinguisher Use and Training 
To optimize effective use of  fire extinguishers, personnel should be  trained  in 
the  use  of  fire  extinguishers.  Training  of  personnel  in  the  use  of  fire 
extinguishers is desirable as it helps in controlling a fire in its initial stages and 
more  so  in occupancies  requiring high degree of  life  safety  such as hospitals, 
homes  for  persons with  disabilities  and welfare  centres.  It  is  required  by  an 
employer  to provide  such  training  to meet  their obligations under  the Health 
and  Safety  in  Employment  Act.  For  details  on  recommended  training 
procedures refer Appendix C. 
1.3 Historic Data and Case Studies 
1.3.1 Domestic First Aid Fire Fighting Assessment (UK – 1992)  
A Home Office  Research  Programme[9]  carried  out  by  the  Fire  Research  and 
Development Group carried out an assessment of the level and extent of current 
domestic  first aid  fire  fighting. This project was undertaken  in  two parts:  the 
first  stage  involved  an  information  gathering  exercise  involving  literature 








  Page 1-23  
   
  
 




of  the  fires  in  the survey had  flames  less  than 1  foot  (300mm) and 81% of  the 
respondents  termed  the  fires as “small and easy  to put out”. Most  fires were 
extinguished by using a damp cloth or water, except for electrical and fat fires. 
Most people responded  instinctively  to  fight a  fire with  item readily available 
rather  than using a  specific extinguisher. Most  important conclusion was  that 
90% of home fires were not reported to the Fire Service. 
The above research was specific to fires in residences however it does highlight 
that  majority  of  fires  in  a  home  environment  could  be  easily  and  quickly 
tackled, with an extinguisher. 
1.3.2 Fire Extinguishing Trades Association (FETA) Survey – Europe 2002  
A  joint  survey[10]    into  the  use  of  portable  fire  extinguishers  in  UK  was 
undertaken  by  the  Fire  Extinguishing  Trades  Association  (FETA)  and  the 
Independent  Fire  Engineering  and Distributors Association  (IFEDA)  in  2002. 
This survey was carried out in 2002 over a 4 month period, with data collected 
from service engineers of FETA and IFEDA member companies. 
The  survey  comprised of  2173  incidents  (recorded by FETA  and  IFEDA)  and 
concluded  that  80%  of  the  cases  (1737  incidents)  portable  fire  extinguishers 
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fire  protection  equipment  and  fire‐fighting  vehicles  (EUROFEU).  This  was 
carried out in six EUROFEU countries; Austria, Belgium, France, Germany and 
the Netherlands. 
The  outcome  of  the  European  survey  was  very  similar  to  the  UK  survey 
comprised  of  2627  incidents  (recorded  across  the  six  countries  during  the 
survey)  and  concluded  that  81.5%  of  the  cases  (2163  incidents)  portable  fire 
extinguishers  successfully  extinguished  the  fires and 74.6% of  the  cases  (1961 
incidents)  the  Fire  Service  was  not  required  to  attend.  The  table  below 
summarises the survey in UK and European countries. 
 UK Belgium France Germany Netherlands Austria 
Total incidents reported 2173 937 696 806 140 48
Extinguished by extinguisher 1737 718 534 779 132 0
Not extinguished by 
extinguisher 436 219 162 27 8 0
Fire Service called 523 138 165 168 32 24
Fire Service not called 1637 772 531 526 108 24
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Figure 1.1: EUROFEU Survey results showing extinguisher effectiveness 
 




Fire  Service  statistics  to  estimate  benefits  and  the  study  was  based  on 
Norwegian Fire Service Statistics. The material was too small to be able to prove 
any  effect  in  reduced  injuries  or  deaths.  However  individual  insurance 
payments are  linked  to  the  fire brigade  turnouts and  it was possible  to prove    
that  for single occupancy homes  the reduction of economic  losses was greater 
than  the  cost  of  fire  extinguishers.  The  costs  and  benefits were more  or  less 
equal for apartments. 
Following  the  above  study,  the  Swedish  Fire  Services  has  started  recording 
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However  there are no  records of  individual  insurance payments  for each  fire 
therefore a straight forward cost benefit analysis was not carried out.  
Total Incidents recorded 10495
    
Fire Extinguishers Used 1752
Fire contained 1066
Fire not contained 535
Not known 151
    
Percent usage of extinguishers 17
    
Percent effective in containing fire 61
Percent not effective in containing 
fire 31
Percent not known 9
  





1.3.4 Norwegian Study on cost benefits of fire extinguishing equipment in 






“All  residences  shall  be  equipped with  fire  extinguishing  equipment  that  can  be  used  in  all 
rooms” 
These regulations covered both new and existing homes. The owner is obliged 
to  install  the  required  equipment  and  the  occupant  is  responsible  for  the 
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evaluate  the  effect  of  the  regulations  regarding  fire  safety  in  dwellings.  The 
evaluation  studies[12]  included  cost  benefit  analysis  of  the  fire  preventive 
measures installed in the dwellings.  
Based on  the study  it was  found  from  the analysis of  fire brigade reports  that 
fire hoses and  fire extinguishing equipment prevent  fire spread by 15% of  the 
domestic fires every year.  There was no evidence of the potential material loss 
due  to  the  fire spreading  if  the equipment had not  functioned  / not used. The 





units  and  compensation  from  the  insurance  companies  for material  losses  in 
dwelling fires per year is 1500 NOK, the same as 1999 in Norway. 
1.3.5 Fire Extinguisher usage data – other parts of the world. 
Other  than  the  above  recorded  studies,  there  is not  a  lot of data  available  to 
substantiate  the use of  extinguishers  and  their  effectiveness  to  contain minor 
fire incidents.  
The National Fire Data Centre[13] collects fire  incident data through the United 
States  Fire Administration’s  (USFA) National  Fire  Incident Reporting  System 
(NFIRS).  The  earlier  versions  of  NFIRS  included  a  field  called  method  of 
extinguishment. Although  fire extinguisher was a choice,  information was not 
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field was dropped  in Version  5.0  of NFIRS, which was  first  implemented  in 
1999. 
In Australia,  fire  service  data  available  in  the  public  arena  is  the  ‘Report  on 
Government  Services[14]”  which  is  a  publication  that  reports  on  emergency 
management. The data  included  in  this  report  is only  limited  to  reported  fire 
incidents and level of safe fire practices in the community.  
Individual  fire  service  regions  provide  very  limited  statistics  for method  of 
extinguishment. The New  South Wales Fire Brigade  reports  21% manual  fire 
fighting aids used for method of extinguishment in its annual statistics report[15] 
of  2001/02.  Manual  aids  included  fire  extinguishers.  South  Australian 
Metropolitan  Fire  Services  uses  the  Australian  Incident  Reporting  System 
(AIRS)[16]  for  providing  statistical  information.  It  does  not  record method  of 
extinguishment. Metropolitan Fire Board  (Melbourne) also provides  statistical 
information  in  their  annual  reports[17]  but  do  not  include  method  of 
extinguishment.  Tasmanian  Fire  Service  provides  statistics  on  incident 
numbers, causes of fire incidents and response times in their annual reports[18]. 
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2  Regulatory Requirements in New Zealand 
2.1 Fire Safety Precautions in buildings in New Zealand 
Fire  Safety  Precautions  (FSP’s)  is  a  combination  of  all  methods  used  in  a 
building  to warn  people  of  an  emergency,  provide  for  safe  evacuation  and 
restrict  the  spread  of  fire, provide  adequate  time  to  fire  service personnel  to 
undertake  rescue operations, and  includes both active and passive protection. 
This definition has  the  same meaning  and wording  as  the definition of  “Fire 
Safety Systems” in the Building Regulations. 
Any installation of FSP’s in buildings in New Zealand is normally mandated by 
the  requirements of  the building  code,  fire  safety  clauses C1  to C4 which are 
regulations made  under  section  400  of  the  Building Act  2004. New  Zealand 
Standards  that provide  the basis  for  installation and  compliance of  fire  safety 
systems may also mandate requirements of additional FSP’s to be provided. In 





2.2 New Zealand Building Code 
The mandatory provisions for building work are contained in the New Zealand 
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from  injury and  illness  from a  fire while escaping and  to  facilitate  fire  rescue 




from  injury  and  illness  from  a  fire  while  evacuating  a  building,  provide 
protection  to fire service personnel while carrying out fire fighting operations, 
protect  adjacent  units,  buildings,  other  property  from  effects  of  fire  and 
safeguard  environment  from  adverse  effects  of  fire.  This  is  achieved  by 
prescribing  fire  rating  requirements,  fire  and  smoke  separation  requirements, 
interior and exterior finishes, external fire spread control and active fire safety 
systems. 
Clause C4 – Structural  stability  during  fire: The objective of  this provision  is  to 
safeguard people from injury, protect adjacent units, other property and allow 
fire service personnel to carry out fire fighting operations safely by preventing 
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rise  buildings.  However  alternative  solutions  developed  from  specific  fire 
engineering design  can  be used  to  satisfy  the NZBC provisions  and produce 
more economical results. Part 4 of the acceptable solutions prescribes Fire Safety 
Precautions  based  on  fire  load,  occupant  load,  nature  of  occupancy  and 
building escape height.  
Table  4.1  from  the  Acceptable  Solutions  describes  the  FSPʹs  required  in  a 
building. This  table  lists  the  fire  safety precautions of  individual  firecells  in a 
building  but,  on  its  own,  does  not  provide  all  the  information  necessary  to 
satisfy the fire safety precautions of the whole building. Users of the table must 
be  familiar with  the  definitions  and  contents  of  all  Parts  of  the  Acceptable 
Solution.  There  are  significant  advantages  in  exceeding  Table  4.1  FSP 
requirements to achieve other benefits, and specific requirements may apply to 
less common circumstances not covered by this table.  
The  acceptable  solution  only  prescribes  Fire Hose Reels  (FHRʹs)  for  sleeping 
accommodation (SA) and attached and multi‐unit residential dwellings (SR) for 
buildings with  specific  escape  height  and  occupant  load  (refer Appendix A). 
The Acceptable Solution also refers to the substitution of Fire Hose Reels with 
suitable Portable Fire Extinguishing equipment where use of Fire Hose Reels is 
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Paragraph  D2.1  amends  the  sprinkler  standard  by  deleting  clause  205  that 
requires the provision of Fire Hose Reels or Portable Extinguishers. 
2.3 New Zealand Standard for Sprinkler Systems (NZS 4541/4515) 
The New Zealand Standard for Sprinkler Systems[2] (NZS 4541:2003) clause 205 
(Appendix A) requires that hand operated fire fighting equipment (HOFFE)  is 




“Appendix  D  –  C/AS1[1]”  amended  Fire  Sprinkler  Systems  requires  that 
wherever sprinklers are required by the acceptable solution, they shall comply 
with  the  relevant New  Zealand  Standard  amended  as  shown  in  paragraphs 
D2.1 and D3.1 (Appendix A). 




  “ . . . the Commission may, . . . , make recommendations to the Minister in respect of- 
(a)            The issue of codes of practice or standards prescribing, in                                          
                  relation to proposed or existing buildings,- 
  (iv)       The installation and maintenance of hand-      
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fire  extinguishers  in  New  Zealand  is  NZS  4503:2005[8]  ‘The  distribution, 






Evacuation  of  Buildings  Regulations  1992[20],  a  code  of  practice  for  hand 
operated  fire extinguishers  is  currently being developed by  the New Zealand 
Fire  Service.    This  code  of  practice will  be  based  on  the  relevant Australian 
standards, in anticipation of these standards being adopted by Standards New 
Zealand. 
Until such  time as  this code of practice  is published,  the Fire Service standard 
will  be  based  on  NZS  4503:2005[8].    Therefore  until  further  notice  building 
owners are advised that under Regulation 10 of the Fire Safety and Evacuation 
of Buildings Regulations 1992,  they are  to provide  fire extinguisher protection 
in accordance with NZS 4503:2005[8]. 
The  information  above,  based  on  NZS  4503:2005[8],  is  designed  to  provide 
guidance to staff in matters relating to hand operated fire extinguishers. 
2.5 Fire Safety and Evacuation Regulations 
The  Fire  Service  has  always placed  life  safety  at  the  top  of  its  agenda when 
developing  fire  safety  policy,  and  rightly  so.    However with  this  approach 
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reasonably  be  expected  of  the  general populace. One  example  of  this  can  be 
found in the Fire Safety and Evacuation of Buildings Regulations 2006[20].   
Regulation 13(2) 
“The National Commander may require an owner or a tenant of a building to install (at specified 
locations in the building) and maintain portable fire  
Extinguishers: 
 
(a)  under a code of practice issued under section 21(4)(a)(iv) of the Act; or 
 




occupier.   While  the Fire Service seeks  to meet  its primary objective of saving 
life, the building occupant has a vested interest in protecting property.   
Whether  it  is  a  financial  incentive,  as  in  the  owner  of  a  business who  has 
invested  everything  into  the business;  an  effort  incentive,  as  in  the  employee 
whose hard work is all stored on their computer; or an emotional incentive, as 
in  the  family whose home  is  filled with precious memories and  irreplaceable 
items,  the building occupier has any number of  reasons  for not evacuating at 
the first sign of fire, and asking him or her to do so is often unreasonable, not be 
mention unrealistic.  Demanding that someone evacuate a building because his 
or her rubbish bin  is on  fire,  in so doing allowing  that small  fire  to grow  into 
one  that may  threaten  the  entire building, may be perceived by  the building 
occupant  to be unrealistic, and also  lower  the worth of  the Fire Service  in  the 
eyes  of  the  public.  Therefore,  the  Fire  Service  in  its  objectives  considers  the 
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framework  over  16  ft  in  height,  or  any  swinging  stage,  for  the  support  of 
workmen  engaged  on  building  work.  It  provided  for  the  appointment  of 
inspectors with  rights of  entry  and  inspection,  and  enabled  regulations  to be 
made specifying minimum safety  requirements. This Act was  replaced by  the 
Scaffolding  and  Excavation Act  1922 which  reduced  the minimum  notifiable 
height of scaffolding to 12 ft and extended coverage to excavations of a depth of 
5  ft  or more,  and  to  cranes  and  lifting  gear  used  in  construction work. An 
inspector  was  empowered  to  order  unsafe  work  to  cease  or  to  brand  and 
destroy unsafe gear; he could also demand that an employer comply with any 
requirements of regulations made under the Act. 
This  Act  was  amended  in  1924  and  1948,  and  in  1951  was  extended  to 
engineering  construction.  At  the  same  time  its  provisions were widened  in 
respect of health and welfare. Although the obligation rested on the employer 
to comply with  the  requirements of  the  regulations and with directions made 
by  an  inspector,  the  emphasis  rested  on  inspection.  The  inspector  was 
commonly  regarded  as  the  person  mainly  responsible  for  seeing  that  safe 
conditions existed in the building and construction industry. 
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The  construction Act 1959[21]  required  the  employer  to provide provisions  for 
the prevention of fire such as fire fighting equipment and materials. This act has 
been  removed  and  has  been  substituted  by  the  Health  and  Safety  in 
Employment Act.  
2.7 Hazardous Substances and New Organisms (HSNO) Act  
The passing of New Zealand’s Hazardous Substances and New Organisms Act 
(HSNO Act)  in  June  1996  represented  one  of  the most  significant  reforms  of 
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Each of  the above properties has different  levels of hazard –  from  the  least  to 
the  most  hazardous.  The  Hazardous  Substances  and  New  Organisms  Act 
(HSNO Act) provides controls  for all  the hazardous properties of a substance. 
HSNO controls will apply at all stages in the manufacture, use and disposal of 
hazardous  substances. HSNO  regulations[22,  23]  cover  the  packaging,  disposal, 
tracking, personnel qualifications, emergency management and identification of 
hazardous substances and handling. 
2.8 Maritime Rules 
Maritime  Safety  Authority  of  New  Zealand  prescribes  the  requirements  of 
safety equipment  for  fire  fighting and  fire prevention on board New Zealand 
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of  Transport  pursuant  to  the  Shipping  and  Seaman  Act  1952,  which  were 
published as a supplement to the New Zealand Gazette of 26 October 1989 (issue 
number 190) and dated 31 October 1989.  
The  requirements  for  fire  appliances  including portable  fire  extinguishers  are 
dependant on the size of the ships and limits of its operation within the coastal 
limits.   
2.9 Health and Safety and Employment Act  
The Health and Safety Regulations 1995 apply  to all workplaces. These  cover 





provided,  for  the  first  time,  comprehensive  coverage  and  a  consistency  of 
approach  to  the  management  of  safety  and  health  in  all  New  Zealand 
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The  Act  has  provisions  for  Approved  Codes  of  Practice  that  apply  to  all 
workplaces.  These  guidelines  contain  the  best  guidance  available  under  the 
HSE  Act[24].  Some  of  the  guidelines  that  relate  to  the  provision  of  fire 
extinguishers    include  the  provision  of  facilities  and  general  safety  in  the 
construction  industry,  approved  code  of  practice  for  demolition  work, 
approved code of practice for health and safety in forest operations, guidelines 
for  the provision of  facilities and general  safety  in  commercial and  industrial 
premises,  guidelines  for  the  provisions  of  facilities  and  general  safety  in  the 
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3 Prescriptive Requirements outside New Zealand 
As a part of  this  research prescriptive  codes outside New Zealand have been 
compared with New  Zealand  regulations.  These  include  Buildings Codes  of 
Australia, United Kingdom, European Union and the United States of America. 
The  objective was  to  understand  if New  Zealand  regulations  lagged  behind 
other countries and if there was a need to revise the current regulations. 
3.1 Australia 
The Building Code  of Australia  (BCA)[25]  is produced  and maintained  by  the 
Australian  Building  Codes  Board  (ABCB)  on  behalf  of  the  Australian 
Government and State and Territory Governments. The BCA has been given the 
status of building regulations by all States and Territories.  
The  goals  of  the  BCA[25]  are  to  enable  the  achievement  and maintenance  of 
acceptable standards of structural sufficiency, safety (including safety from fire), 




The  BCA[25]  contains  technical  provisions  for  the  design  and  construction  of 
buildings  and  other  structures,  covering  such  matters  as  structure,  fire 
resistance,  access  and  egress,  services  and  equipment,  and  certain  aspects  of 
health and amenity.  
Deemed  to  satisfy provisions of  the BCA[25] 2008  require  the provision of  fire 
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installation of  suitable portable  fire extinguishers, where necessary  to address 
specific hazards.  
Table E1.6 sets out when portable fire extinguishers are required  in a building 
and  the  class  of  extinguisher  to  be  used.  The  installation  of  portable 
extinguishers must be in accordance with sections 1, 2, 3 and 4 of AS 2444.  
 
Figure 3.1: Extract from the Deemed-to-satisfy provisions ABC 2008 
 
3.2 United Kingdom 
3.2.1 Building Regulations 
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and  the  energy  efficiency  of  buildings.  The  regulations  apply  to most  new 
buildings  and many  alterations  of  existing  buildings  in  England  and Wales, 
whether domestic, commercial or industrial. 
Practical guidance on ways  to comply with  the  functional requirements  in  the 
Building  Regulations  is  outlined  in  a  series  of  ʺApproved  Documentsʺ[26,  27] 
published by Communities and Local Government. These documents  contain 
general guidance on the performance expected of materials and building work 






3.2.2 Regulatory Reform (Fire Safety) Order 2005 
The Government of UK is committed to regulating only where necessary and in 
a way  that  is more  suited  to  the  needs  of modern  businesses  and processes. 
Therefore  it  introduced  the  Regulatory  Reform  Order  2005[28]  under  the 




This  order  is  applicable  to  most  buildings  except  people’s  private  homes, 
including individual flats in a block or house. Under this order anyone who has 
control over  the premises or anyone who has a degree of control over certain 
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responsible person could be  the employer,  the managing agent  / owner or  the 
occupier. However when the premises is occupied, there may be more than one 
person deemed responsible.  
This order requires  the responsible person  to make general  fire precautions  in 
which  it  is  required  to  provide multi‐purpose  fire  extinguishers  as  a way  of 
fighting  a  small  fire. This order  is  enforced by  the  fire  authorities by way of 
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3.3 United States of America 
NFPA  101[29]  also  referred  as  the  Life  Safety  Code®,  addresses  those 
construction, protection, and occupancy features necessary to minimize danger 
to  life  from  fire,  including  smoke,  fumes,  or  panic.  The  Code  establishes 
minimum  criteria  for  the  designs  of  egress  facilities  so  as  to  allow  prompt 
escape of occupants  from buildings or, where desirable,  into safe areas within 
buildings.  The  Code  addresses  other  considerations  that  are  essential  to  life 
safety in recognition of the fact that life safety is more than a matter of egress. 
The  Code  also  addresses  protective  features  and  systems,  building  services, 
operating  features, maintenance activities, and other provisions  in  recognition 
of  the  fact  that  achieving  an  acceptable  degree  of  life  safety  depends  on 
additional safeguards to provide adequate egress time or protection for people 




The Code  does  not  address  general  fire  prevention  or  building  construction 
features  that  are  normally  a  function  of  fire  prevention  codes  and  building 
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4 Fire Incident Statistics in New Zealand 
 
4.1 New Zealand Fire Service FIRS data  
Every  emergency  incident  attended  by  the New Zealand  Fire  Service  or  the 
Rural  Fire  Authorities  requires  that  the  officer  in  charge  complete  a  form 
summarizing  the  important  features  of  the  incident.  These  incidents  are 
processed and audited before  they are  incorporated  into an  incident database 
(NZFS‐FIRS[30] database) which is a dynamic database, which allows emergency 
incident information to be update/edited anytime.  
This data  is used  in  research projects directed  at  fire  safety  improvements  to 
building  standards  and  codes,  consumer  products  and  community  safety 
programmes  for  delivery  by  the  Fire  Service  Staff  or  for  multi‐agency 
campaigns. 
As mentioned  before,  the  SMS  Incident  System  (NZFS‐FIRS[30]  database)  is  a 
dynamic database. Most of  the data  is kept within  the Fire Service and stored 




This  research  has  used  some  of  this  statistical  information  to  analyze  the 
incidence  of  fires  in different  occupancies. This  has  been done  to  filter  some 
specific occupancies and analyse them for cost benefit analysis. It is understood 
that some occupancy types will use extinguishers as a part of their routine since 
the  processes  involves  fire  risk  management;  for  example  some  metal 
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extinguishers due  to  the nature of  the work being done on  the shop  floor. On 
the other hand there are occupancies where it may be necessary for the staff to 
use extinguishers on small  fires  to contain and extinguish  them and  therefore 
prevent total evacuation of the premises; examples where such a system is used 
is Hospitals, rest homes, motels and hotels. There are the other occupancies like 
commercial  and  retail  buildings where  the  buildings may  be  provided with 
portable devices but the use of these equipment may not happen due to lack of 
trained personnel. 




Total Fire Incidents Recorded





















Total Fire incidents Trendline  
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Total Fire Incidents Reported in Commercial / Assembly Occupancy


























Public Assembly Educational Health Care & Institutional Commercial Trendline
 
Figure 4.2: Total Incidents Reported in Commercial/Assembly Occupancy 
Total Incidents Reported in Industrial/Storage Occupancies






















Primary Industries & Utilities Manufacturing Industries Storage Trend Line TrendLine
 
Figure 4.3: Total Incidents Reported in Industrial / Storage Occupancy 
Figure  4.2  and  4.3  shows  the  number  of  fire  incidents  recorded  in  non 
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assembly buildings has  shown a  steady  increase over  the years,  the  recorded 
incidents  numbers  being  10%  of  the  total  incidents  recorded. The  number  of 
incidents  in educational and health care  facilities  remains  to be  steady with a 
contribution of 9% of  the recorded  incidents. The highest number of  incidents 
recorded  in  public  places was  in  recreational  place with  variable  use;  74%.; 
highest  number  of  incidents  recorded  in  commercial places was  in  food  and 
beverage outlets at 38%, and offices recording at 14%.  
The rate of fire incidents in primary industries and utilities has see sawed over 





Total Fire Incidents Reported for Residential Occupancy























Residential Total Fire incidents Linear (Residential)
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The graphs  indicate  that most  fires have been  recorded on  the weekends and 
between 2:00 PM and 11:00 PM in the day. Figure 4.5 and 4.6 has been adapted 
from the data available in the NZFS‐FIRS [30] database. 








































Total fires % saves using extinguishers % saves using hose reels Trendline
 
Figure 4.7: Fire Incidents Contained Using HOFFE 
Figure  4.7  analyses  the  percentage  use  of  Hand  Operated  Fire  Fighting 
Equipment (HOFFE) to contain fires. The data set used to define “% saves using 
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contain a  fire. Figure 4.7 shows  that  the  trend  in  the use of extinguishers and 
hose reels is on the decline over the years. However this database only records 
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5 Fire Extinguisher Usage Survey 
 
As  identified  in  section  4  before,  the  incidence  of  use  of  portable  fire 
extinguishers  is  recorded  in  the NZFS‐FIRS[30] database. This data  is based on 
incidents  that  are  attended  by  the  New  Zealand  Fire  Service  (NZFS)  and 
therefore  may  not  represent  the  accurate  and  complete  usage  of  fire 
extinguishers  in New  Zealand.  A more  accurate  representation will  emerge 
from  a  survey  carried  out  by  the  fire  protection  industry  as  they would  be 
aware of  fire extinguisher usage as a part of  their service requirements. Many 
building owners may not report minor fires that have been controlled using an 
extinguisher  to  the  NZFS  because  they  feel  that  it  was  not  required  to  or 







5.1 New Zealand Fire Service / FPANZ Survey 2003-04 
In 2003/04 the Fire Service as a part of developing a Code of Practice for Hand 
Operated  Extinguishers was  looking  for  data  on  the  use  of  extinguisher  by 
building  occupants.  They  too  felt  that  the  data  provided within  the  NZFS‐
FIRS[30]  database was  not  a  complete  representation  of  the  actual  use  of  fire 
extinguishers.  The  purpose  of  the  Code  of  Practice  for  Hand  Operated 
Extinguishers was  to  become  a  document  of  reference when  addressing  the 
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Figure 5.4: Type of Fire Extinguisher Used 
 
The New Zealand fire service carried out statistical modelling of the data from 
the  survey  and  concluded  that  the  survey  results  did  not  represent  actual 






• Uneven weighting of returns  (large number of returns  from some areas 
versus  small number of  returns  from other  areas  –  especially  in  larger 
centres, resulting in bias) 
However the available data has provided some valuable information especially 
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callouts.  It will  be worthwhile  to  see  if  a  similar  result  is  reached  in  future 
surveys. 
5.2 University of Canterbury / FPANZ Survey 2008 
The scope of  the survey was  to get  feedback  from  the  fire protection  industry 
regarding fire incidents where fire extinguishers may have been used. This part 










UK, not all minor  fire  incidents are reported  to  the Fire Service  therefore  they 
do not  feature  in official  statistics. This  survey was aimed at determining  the 
estimates  of  fire  incidents  that  are  minor  and  have  been  contained  by 
extinguishers which might not be reported to the Fire Service. It is understood 
that service agencies would have direct access to such data since they would be 
involved  in  refilling  extinguishers  after  a minor  incidents. As  a  part  of  the 
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5.2.1 Monthly Summary 
The  monthly  summary  is  specific  to  incidents  recorded  each  month. 
Extinguishers  that  have  been  maliciously  used  have  been  identified  and 
recorded  specifically  and  are  not  included  in  the  calculation  of  effectiveness. 
Injuries  and  fatalities  have  been  included  based  on  reports  from  fire  service 
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5.2.2  Summary of Results – Survey 2008 
Total number of Fire Incidents Recorded 144     
Total Number of extinguishers Used 162     
      
Extinguisher Used by Occupancy  % of reported incidents 
Residential 11 7.64    
Commercial 36 25.00    
Health Care 1 0.69    
Education 6 4.17    
Warehouse 1 0.69    
Retail 6 4.17    
Industrial 58 40.28    
Vehicle 13 9.03    
Caravan 2 1.39    
Boat 6 4.17    
Others 4 2.78    
      
  % of used extinguishers 
Maliciously Discharged 4 2.47    
      
Extinguisher Effectiveness      
Fires extinguished by extinguisher 136     
Fires partially extinguished by extinguisher 4     
Fires re-ignited 1     
Not Extinguished - Fire too Large 3     
Not Extinguished - Wrong Extinguisher 
Used 0     
Effectiveness percentage 94 %    
      
Extinguishers Used By  % of reported incidents 
Owners / Occupiers 124 86.11    
Passers By / Others 10 6.94    
Fire Service 4 2.78    
Unknown 6 4.17    
      
Fire Brigade Calls made 16     
% incidents attended by fire service 11.11     
% incidents where fire service not called 88.89     
      
Estimated Losses in NZ$ 14915 
(where reported to the service 
agency) 
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Injuries Reported 2     
Fatalities Reported 0     
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Fires re-ignited Not Extinguished - Fire too
Large
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Figure 5.9: Incidents Recorded by Region (Survey 2008) 
 
5.2.4 Conclusions from Survey 
The data collected from the survey is interpreted as follows. 
 
• In  approximately  94%  of  the  incidents  recorded,  a  portable  fire 
extinguisher is totally effective in containing & suppressing a minor fire. 
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However  the  survey  cannot  be  used  for making  statistical  recommendations 
because of the following reasons. 
• Uneven  distribution  of  feedback  received  (many  areas  of  the  country 
were not represented) 
• Uneven weighting of returns  (large number of returns  from some areas 




One positive outcome  is  that  the  results of  the 2008 survey  is very closely aligned  to  the 
2003‐04  survey[31]  and  is  also  comparable  to  the  European  2002  survey[10].  Although 
sufficient data was not  collected  in  the  survey,  a general  tend  can be  established which 


















  Page 6-65  
   
  
 
6 Risk Analysis 




Risk  is  inherent  in  everything we  do.  In  general, we  take  a  risk  in  order  to 
benefit from an opportunity. When we consider opportunities, we weigh up the 
risks,  look  at  the  benefits  we  might  achieve,  and  make  our  decisions 
accordingly. The purpose of risk management  is to apply a process to  identify 
risks,  set  an  acceptable  level  for  risk,  and  take  steps  to  keep  residual  risk  at 
acceptable level. An acceptable level of risk is influenced by legal requirements 
(established legislation etc), personal risk tolerances and societal views. Risk is 
managed  by  developing  appropriate  responses  to  reduce  consequences  of 




terms  of  loss  of  life,  property  protection  and  business  interruption  and 
generated a risk model to evaluate cost benefit analysis of fire safety features to 
contain and fight a fire. 
6.2 Risk Informed Performance based Fire Protection 
Risk informed performance based fire protection[33] is an integration of decision 
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Evaluation  tools  and  techniques  like  event  trees  etc  has  been  used  to  do  a 
quantitative  risk  assessment  (QRA)  in  conjunction  with  traditional  fire 
protection  modelling  tools.  The  performance  based  fire  protection  is  a 
quantitative,  probabilistic  measure  of  fire  protection  success  based  on 




In  risk‐based decision making, RISK  is understood  in  terms of  the  likelihood 
and  consequence  of  incidents  that  could  expose  people,  property  and  the 
environment to the harmful effects of fire. Likelihood is determined in terms of 
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Figure 6.1: Risk Analysis Process 
 
The above equation is for unmitigated risk. For mitigated risk we consider the 
probability  of  fire  protection  system  (FPS)  performance  success.  The  FPA 





The  FPS  performance  success  is  the  product  of  the  probabilistic  success 
measures of a fire protection system. 
 






  Page 6-68  
   
  
 
6.3 Risk Tolerance Criteria 
Risk  tolerance criteria provide a quantitative basis against which  risk analysis 
results  and  risk  reduction  efforts  are  measured.  Establishing  risk  tolerance 
guidelines helps management make consistent, well  informed decisions based 
on risk (likelihood and consequence) 
Exposure  level  risk  tolerance  has  been  divided  into  3 main  categories:  Life 
safety risk tolerance, business interruption risk tolerance and property damage 
risk tolerance. 
The  tables  below  are  reproduced  from  the  data  provided  by  Center  for 
Chemical  Process  Safety,  Guidelines  for  Chemical  Process Quantitative  Risk 
Analysis[34].  These  tables  are  a  guide  as  to  how  risk  tolerance  levels may  be 
selected. For  the purpose of  risk modeling  in  this  research we have not used 
likelihood tolerance data. The following tables are provided as information only 
and have not been used in this research.  
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Potential Consequences Likelihood tolerance 
limits (events/year) 
1 - Low Minor First Aid ( i.e. smoke inhalation) 0.1 
2 - Moderate Single person injury requiring hospital 
treatment 
0.01 
3 - Heavy Multiple person injuries requiring hospital 
treatment (1 - 2 people) 
1 x 10-3 
4 - High Potential for multiple injuries, single person 
death ON-SITE 
1 x 10-5 
5 - Very High Potential for 1 -3 fatalities on site 5 x 10-5 
6 - Extremely 
High 
Potential for multiple injuries, single person 
death OFF-SITE 
1 x 10-6 






















1 - Slight Limited localized minor equipment 
damage not requiring repair but clean up 
0 -1 days 0.5 0.33 
2 - Light Significant localized damage of some 
equipment / workflow components 
1 -10 days 5 0.1 
3 - Moderate Significant localized damage of many 
equipment / workflow components 
10 - 30 days 20 0.01 
4 - Heavy Heavy damage requiring major repair / 
replacement of equipment / work areas 
30 - 90 days 60 1 x 10-3 
5 - Major Major widespread damage to multiple 
floors / work process centers 
90 - 270 
days 
180 5 x 10-3 
6 - Critical Extensive damage to most of the facility 270 - 365 
days 
318 1 x 10-4 
7 - Total or 
Maximum 
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1 - Slight Limited localized minor equipment 
damage not requiring repair but cleanup
0 - 1 0.5 0.33 
2 - Light Significant localized damage of some 
components generally not requiring 
major repair 
1 - 10 5 0.1 
3 - Moderate Significant localized damage of many 
components warranting repair 
1 - 30 20 0.01 
4 - Heavy Extensive damage requiring major 
repairs 
30 - 60 45 1 x 10-3 
5 - Major Major widespread damage that may 
result in facility being demolished / 
repaired 
60 - 100 80 5 x 10-5 




The  above  potential  consequences  can  be  evaluated  in  terms  of  damage 
categories  which  can  be  related  to  Equivalent  Monetary  Values  (EMV)  to 
prepare  a  cost  benefit  analysis. The  above data has  been  originally  based  on 
chemical industries but can be adapted to other occupancies to carry out a risk 
based analysis. 
6.4 Establishing Event Likelihoods and Loss Expectancy 
Likelihood  ranges  are  established  using  a  format  that  lists  expected  time 
between  occurrences  and  a  qualitative  description  of  these  frequency  ranges 
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General Definition Guide Word Likelihood 
Range 
Nuisance Fire Likely 1 per 5 years 
(0.2) 
NLE - Normal Loss 
Expectancy 
Design Basis Fires Likely 1 per 20 years 
(0.05) 
Design basis fires with primary 
protection 
Unlikely 10-2 PML - Probable 
Maximum Loss 
Systems failure, high challenge fire Unlikely 10-3 
Worst case - ON SITE Very Unlikely 10-4 - 10-5 MFL - Maximum 
foreseeable loss 
Worst case - OFF SITE Extremely 
Unlikely 




The  event  likelihoods used  for  the  risk model  in  the next  section  is based on 
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7 Risk Model for Evaluating Extinguishers as a Fire 
Protection System 
7.1 Risk Model Approach 
The benefits use of portable extinguishers with respect to passive and active fire 
protection systems  (FPS)  is being viewed critically by building  regulators and 
design consultants. The primary factor being usage effectiveness and therefore 
cost benefits to the building owner/occupier when other FPS are provided. 
This  section  examines  the  provision  of  fire  extinguishers  as  a  first  aid  fire 
intervention system along with other active and passive FPS. For  this specific 
study we have  considered  the  following buildings  for assessment within  this 
risk model. 
7.2 Building Models 
The building models are based on the building types listed by the Department 
of Building and Housing[36] for cost estimates. The Department of Building and 
Housing  provides  building  costs  to  assist  Territorial Authorities  to  arrive  at 
realistic  estimated values when  they have questioned  the  job value provided 
with  a  building  consent  application.  Costing  information  for  these  series  of 
building  types  has  been  provided  by Maltby  and  Partners  Ltd[37],  a  firm  of 
construction  cost  consultants.  Maltby  has  priced  from  a  set  of  authentic 
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7.2.1 Residential Building (House 202 m2) 
This model  building  is  a  single‐storey  house  on  a  flat  site  that  includes  an 
internal double garage, three bedrooms, open‐plan kitchen, dining and lounge, 
bathroom,  separate  toilet,  en‐suite,  and  separate  laundry.  The  building 
construction  comprises  of  reinforced  concrete  slab,  timber‐framed walls  and 
prefabricated  timber‐trussed  roof,  brick  veneer  external  cladding,  aluminium 
external joinery, pre‐finished steel roof, and plasterboard linings.  
 
Figure 7.1: Model Residential Building 
 
The  building  is  expected  to  have  occupancy  of  5  persons.  As  per  the 
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7.2.2 Care Facility Building (Retirement Home/Aged care – 394m2) 
This model building  is  a  single‐storey building on  a  flat  site  and  includes  12 
residential bedrooms with washbasins,  separate  sanitary  facilities, dining and 
lounge, commercial kitchen and laundry, staff accommodation, and office. The 
building  construction  comprises  of  reinforced  concrete  slab,  timber‐framed 
walls and prefabricated  timber‐trussed  roof, external cladding of  fiber‐cement 
with  textured  coating, aluminum external  joinery, pre‐finished  steel  roof, and 
plasterboard linings. 
The  building  is  expected  to  have  occupancy  of  12  patients  (one  patient  per 
bedroom) and 8 staff based on number of bedrooms. The number of staff is the 
maximum  expected  number  of  staff  at  any  time.  As  per  the  Compliance 
Document C/AS1[1],  the  building  is  classified  as  SC,  FHC1.  SC  represents  the 
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Figure 7.2: Model Care Facility Building 
7.2.3 Light Commercial (Office / warehouse – 414 m2) 
This  model  is  a  single‐storey  warehouse,  with  mezzanine  on  a  flat  site 
accommodating warehouse, office accommodation, reception and display area, 
staff  lunchroom,  kitchen,  and  toilet  facilities.  The  building  construction 
comprises  of  reinforced  slab,  reinforced  concrete  columns,  tilt‐up  pre‐cast 
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The building  is expected  to have occupancy of 20 persons  in  the office and 8 
staff  based  in  the  warehouse.  The  occupant  load  is  based  on  an  occupant 
density  of  0.1  persons/m2  in  the  office  area  and  0.03  persons/m2  in  the 
warehouse. Common spaces like toilets, staffrooms corridors are not considered 
as  it  is  expected  to  be  occupied  by  persons  counted  elsewhere.  As  per  the 





Figure 7.3: Model Light Commercial Building 
 
7.2.4 Commercial – Retail (Offices/showrooms/retail – 896 m2) 
This model  building  is  a  single‐storey  building  on  a  flat  site with  two  retail 
units: one  comprising  retail area,  two offices, kitchen, and  toilet  facilities;  the 
other containing retail and toilet facilities. The building construction comprises 
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external  walls,  powder‐coated  external  aluminum  joinery,  automatic  sliding 
doors, factory‐painted steel roof, timber‐framed internal partitions with painted 
plasterboard  linings,  suspended  ceiling  to all but warehouse areas, and  steel‐
framed fire wall between retail units. 
The  building  is  expected  to  have  occupancy  of  20  staff  and  75 members  of 
public based in the retail spaces. This has been based on an occupant density of 
0.2  persons/m2  in  the  retail  areas  and  0.1  persons/m2  in  the  office  areas. 
Common  spaces  like  toilets,  staffrooms  corridors  are  not  considered  as  it  is 
expected to be occupied by persons counted elsewhere. As per the Compliance 
Document C/AS 1[1], the building is classified as CM, FHC2/4. WL represents the 
occupancy  purpose  group  for  office/ warehouse  and  FHC  is  the  fire  hazard 
category.  The  fire  hazard  category  is  higher  (FHC4)  if  the  storage  height 
exceeds 3m. 
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7.3 Fire Initiating Event Likelihood 
7.3.1 Rutstein - 1979 
Rutstein[38], presented a model for calculating the probability of fire starting. He 
states  that  the  fire  hazard  in  a  building  consists  of  3  components.  These 
component are probability of fire occurring, the amount of fire damage, which 
might  occur  if  a  fire  starts  in  the  building  and  the  possible  financial  losses 
resulting from the fire. 
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The  values  given  in  Table  7.1  are  estimated  from  fires  reported  to  the  fire 













7.3.2 Tillander and Keski-Rahkonen - 2003 
Tillander  and Keski‐Rahkonen[39]  studied  the  ignition  frequency  of  structural 
fires derived from Finnish statistics between 1996 ‐ 1999. They showed ignition 
frequency  varied  with  floor  area.  They  proposed  a  model  for  determining 
ignition  frequency  of  buildings with  floor  area  between  100  and  20,000 m2. 
Figure 7.5  shows data  for different  types of buildings. The  ignition  frequency 
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7.3.4 New Zealand Fire Service Statistics 
SFPE (NZ Chapter) [42] published data on the ignition frequency of fires in New 
Zealand  based  on  statistics  provided  by  the New  Zealand  Fire  Service.  The 
statistics were between 1 Jul 03 ‐ 30 Jun 04. The data extracted was categorised 
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  7.1 x 10‐6    3.3 x 10‐3 to 
6.6 x 10‐3 
Care Facility  1.57 x 10‐5  9.5 x 10‐6  3.1 x 10‐5  1.01 x 10‐3 
















7.4 Fire Protection System Performance Probability 
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detection  alone  and  a  combination  of  manual  and  automatic  fire  detection 
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7.4.2 Automatic Fire Suppression 
Probabilities  for  a  fire  being  controlled  or  extinguished  by  automatic 
suppression are  required. The probabilities are  required  for early suppression 
of a fire such that the damage occurs only to the area where the fire originates. 
Bukowski[44]  provided  a  review  of  estimates  for  the  operational  reliability  of 
sprinkler systems ranging from 87.6% to 99.5% 
The  results  of  a  DELPHI  exercise  by  Warrington  Fire  Research[27]  quoted 
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a  fire  has  been  detected  by  Automatic  Fire  Detection  (AFD)  or  by  on‐site 
personnel (Manual). 
Whether or not an AFD is installed, a fire will eventually be detected by people, 
whether onsite or offsite  (people outside  the  facility). For manual  fire‐fighting 
we  are  concerned  only with  early detection  and  thus detection  by personnel 
within the vicinity. Houlding and Rew[43] stated that 1000kW is the upper limit 






before  the  arrival  of  the  fire  service  are  out  on  arrival. Matthews  ET.  al.[31] 
suggests  a  success  rate  of  75%  for  emergency  teams  putting  out  ordinary 
combustible  fires.    Guymer  and  Parry[46]  reference work  undertaken  for  the 
nuclear industry looks at generic fire hazards. They have assumed that manual 
suppression would need to be undertaken within 3 minutes of detection  if the 
fire  was  not  to  grow  to  an  unmanageable  size  for  which  they  gave  a  0.4 
probability of the fire being extinguished. 
Houlden  and Rew[43]  summarised  probabilities  of manual  suppression  (Table 
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data  collected  by  the  UK  and  EUROFEU  Fire  Trades Association  in  2002[10] 
which  indicates that 85% of fires was successfully contained / extinguished by 
the use of extinguishers and for about 75% of the cases the Fire Service did not 





7.4.4 Fire Compartmentation Success 
There  is  very  little  comprehensive  data  in  the  literature  regarding  the 
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British  Standard  BS  DD240[45]  provided  some  probabilities  of  passive  fire 






Houlding  and  Rew[43]  adopted  values  for  the  probability  of  success  of wall 
constructions for a range of fires. The values of plasterboard walls reflect their 






7.5 Fire Exposure Profile 
An  important  part  of  Event  Tree  Analysis  (ETA)  is  establishing  time‐line 
factors.  This  is  usually  evaluated  using  fire  dynamics  calculations  and  fire 
models.  The  time‐line  factors  used  for  this  assessment  are  based  on  the 
following  table.  These  time‐line  factors  are  similar  to  the  examples  used  by 
Barry[33] for risk analysis. 
 
Figure  7.8  shows  an  uncontrolled  fire  exposure  profile  and  been  based  on 
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stages  and  the probable  consequences. The  fire  exposure profile  is  similar  to 
examples used by Barry[33] for risk analysis. 
 
The  fire exposure profile assumes  that  the manual  intervention using portable 
extinguishers is achieved within 3 – 5 minutes of the fire initiation and growth 
where the temperature range is between 30 – 40 deg C. Sprinkler activation and 
suppression  is  achieved within  5  –  10 minutes  of  the  fire  growth.  Sprinkler 
activation is assumed to happen if either manual intervention is unsuccessful or 
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section  7.6. The  time  line  is  as per  table  7.15, where Zone B  indicates people 
evacuation, Zone C indicates that successful manual intervention would result 
in suppression of the fire at an early stage (Curve C), Zone D and E is the region 
of  activation  of  sprinkler  and  suppression  (Curve  B),  Zone  F  indicates  fire 
barrier integrity.  
 
    Fuel Package Fuel Package Fire Spread and Propagation to    
    Fire Growth 
Peak Heat Release 
Rate Secondary Fuel Sources    
         
       B               C      D                    E                 F     
 O C      Start of Structural Failure 
       of Steel Roof Beams  
     Severe Equipment Damage from     
 800    Temperature and Radiant Heat    
Fire Exposure          
Modelled at          
exposure  400         
temperatures          
       Suppression due to   
 100      sprinkler operation  
          
          
 0            
           3       5           10              30                          60                           90    
     Minutes    
   Suppression due to      
   
successful manual intervention Operator Injuries 
from Temperature 
and smoke    
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section 7.5. Therefore  there  is  the need  to arrive at a plausible design  fire has 
been the objective of research work for years. Section 7.5 defines the time lines 
for an uncontrolled growth generic fire. The most frequently suggested design 
fire  is  the  t2  fire  where  the  heat  release  rate  is  described  by  the  following 
equation: 
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Ultra fast Fast Medium Slow
 
Figure 7.9: t2 Fire Exposure Profile 
 
Nordic  regulators[68]  published  a  document  that  assigns  a  design  fire  as  a 





















  Page 7-96  




There  are  no  recommendations  on  how  to  use  the  partial  coefficient.  The 
expression was expected to give the same result as the expression Q=Qo (t/tg)2. 
There have been actual fire tests done by various research  labs and these tests 
are  the closest  to a more  realistic design  fire. Based on  the  type of occupancy 




















Poly Basket 8 chairs stacked Refuse bag with paper
TV Set Easy Chair Desk top computer  
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Love seat Sofa stacked corrugated boxes Plysty cups in boxes  
Figure 7.11: Fire Exposure Profile for high HRR  
7.7 Cost Evaluation 
Considering current minimum requirements for the model buildings based on 
current  compliance documents  (C/AS1, 2005[1]),  the most  likely  fire protection 




section  is  to gather  information  relevant  to  cost of  including  these  systems  in 
the model buildings. 
7.7.1 Building Costs 
The Department of Building and Housing  (DBH)[36] provides building costs  to 
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Figure 7.12: Average Building Costs issued by DBH 
 
















  Page 7-99  
   
  
 







Rest Homes      $35 ‐ $55 / m2 
Light Commercial    $45 ‐ $55 / m2 
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NZS  4503:2005[8]  gives  the  distribution  requirements  for  portable  fire 
extinguishers. For Class A fires NZS 4503 gives the minimum coverage area for 
the extinguishers of the lowest rating (2A) as 300m2 for light hazard and 200m2 
for medium  hazard.  Residential,  offices  are  considered  as  light  hazard,  care 
facilities and  retail  /  storage are  considered medium hazard based on hazard 
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7.8 NZBC Requirements for the Model Buildings 





is  assumed  to be  a  limited  area  intermediate  floor  thus does not  require  any 
smoke  control as  specified  in C/AS1[1]. The bulk  retail building  is assumed  to 
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Fire Safety Precaution Building Type Occupant 
Load 
F-Rating 
2f 3f 4 6 7 16 18c 
Residential  5  F0               
Care Facility  20  F0          √  √  √ 
<100  F60  √            √ Light Commercial 
>100, <500  F60    √        √  √ 
<100  F0  √            √ Bulk Retail 




7.9 Fire Loss Calculation 
Business  Economics  Research  Limited  (BERL)  carried  out  an  economic 
assessment  of  industrial  fires[58]  in  2000. This  assessment provided  some  cost 
estimates  to  impacts of  fire. The  findings were  related  to  industrial buildings. 
This study uses the figures from the BERL findings interpolating it to the other 
occupancies and converting the year 2000 dollars to year 2007 dollars by 18%.  
BERL analysis[58] was based on 1100 structure  fires  for  the year 2000. The  total 
estimated cost to the country was a total of $86 million. This total cost is broken 
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The  above  data  does  not  include  incidents  that  relate  to  non‐commercial 
activities such as government, community, households, parking buildings etc. 
Wade[59],  had  used  a  similar  assumptions  for  estimating  losses  for  industrial 
buildings and  suggested  that  the uncertainty or  likely distribution of  the  cost 
per unit area of the fire loss in unknown. Based on research done by Wade[59], it 
was decided  to represent  the cost parameters as normal distributions with  the 
mean  value  taken  as  the  estimated  values  and  a  standard deviation  equal  to 
10% of the mean. The same has been used for this study. 
Residential fires have different cost estimation  in  terms of property  losses and 
fire  service  costs. Wade  et.  al.[60]  estimated property  losses  in  residential  fires 
based on information from the insurance council and the presence or absence of 
smoke  alarms  in  reported  fire  incidents. They  suggested  a weighted  average 
value of $16,605 per fire incident. They also estimated an average cost of $5875 
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buildings,  the  residential  fire  costs  can  also  be  represented  as  normal 
distributions with a standard deviation of 10%. 




fire  safety  systems  provided  in  the  building.  The  initiating  fire  likelihood  is 
considered as per the discussions in section 7.11.5 further ahead. It is assumed 
that  the  automatic  fire  alarm  activation  is  the  first  event  which  initiates 
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[ A ] [ B ] [ C ] [ D ] [ E ] [F] [ G ]
Init iat ing D etect io n M anual F ire F ire  B R A N C H B R A N C H
F ire Event & A larms F ire F ighting Sprinklers co mpartment LIN E LIN E
Likeliho o d Successful Successful Successful Successful ID LIKELIH OOD
0.4333333 1 8.0275E-06
YES
0.8233333 0.7833333 2 8.223E-06
YES YES




 NO 4 7.9606E-07
0.35
2.25E-05
F ires /  Y ear /  m2
0.7833333 5 3.1138E-06
YES






T IM E LIN E         1 - 3  3 - 5  10 - 30 30-60 0.0000225
Minutes  
 
Figure 7.13: Event Tree for Risk Analysis 
 
Each  branch  line  represents  a  scenario  outcome.  For  example  branch  line  1 
indicates that fire occurs, the fire is successfully detected within 1‐3 minutes, the 
fire  is manually  suppressed within  3  to  5 minutes.  Therefore  branch  Line  1 
probability = (A) x (B‐1) x (C‐1) = 8.0275 x 10‐6. 
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7.11 Model Inputs 
This  analysis  uses  the  following  cost  scenarios  for  the  building  defined  in 
section 7.2  
7.11.1 Fire Loss Area for buildings with no protection 
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Figure 7.14: Cumulative distribution for fire loss area for an unprotected building 
 
A comparison of percentage fire saves in 2006‐07 and the BERL data is shown in 
the  following  table.  The  data  in  the  table  has  been  extracted  from  the New 
Zealand Fire Service –  Incident Statistics and BERL Survey 2000  for  industrial 
buildings. 
Structure Fires          
Data for 2006-07 BERL Data 2000 5 year average incidents (2002-07) 













fire (m2) residential 
care 
facility bulk retail 
light 
commer 
0-10% 522 18 101 9 16181 160 415 21 74 18 
11-50% 308 11 42 4 6970 165 245 12 44 10 
51 -90% 601 21 140 13 6552 47 478 24 85 20 
91-100% 1391 49 817 74 5352 7 1107 56 197 47 
Total 2822 100 1100 100 35055 32 2245 114 399 95 
Table 7.22: Percent structure saved data  
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to  better  fire  protection  systems,  compartmentation  and  fire  service 
intervention.    Percent  structure  saved  of  0  ‐10%  may  be  considered  as  a 
complete burnout of the structure and therefore we assume that these buildings 
did  not  have  any  fire  protection  system  and  fire  service  intervention  was 
minimal or not present. Percent structure saved of 11 – 50% can be considered 
to be attributed to successful compartmentation and fire service intervention. 




7.11.2 Fire Loss area for buildings with fire detection and manual 
suppression 




fire  where  90‐100%  of  the  structure  is  saved.  This  will  be  assumed  to  be 
attributed  to successful manual suppression. For  the purpose of  this study we 
have used the range of 1 – 3 m2 as the area lost per fire. 
Where  buildings  include  fire  detection  and manual  suppression  the  fire  loss 
area  is  taken  as  a  uniform  distribution  with  a  range  of  1  –  3  m2. Manual 
suppression  can  occur  both  earlier  and  later  than  sprinkler  activation  since 
depending on when human  intervention occurs. For the purpose of this study 
we are assuming  that  the  fire has been detected at an early  stage via manual 
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 Fire loss area
 
 
Figure 7.15: Probability density function for fire loss area with manual suppression 
 
7.11.3 Fire Loss area for sprinkler protected buildings 
Wade[58] estimated  the  fire  loss area per  fire  to be 20m2. The  typical maximum 
area of coverage of a fire sprinkler head is in the range of 6m2 from NZS 4541.  
Where buildings  include an automatic  fire  sprinkler  system, and where  these 
are  assumed  effective,  the  fire  loss  area  is  assumed  to  be  randomly  sampled 
between 3 – 20m2. Since the probability of occurrence is same for all values over 
the  nominated  range  the  uniform  distribution  is  used  to  represent  it.  The 
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Figure 7.16: Probability density function for the fire loss area with sprinklers 
 
7.11.4 Fire Loss area for buildings with fire compartmentation 
Wade[59]  stated  that  the  probability  distribution  for  the  area  of  fire  loss  in  a 
compartmented building is assumed to be the same for an unprotected building 
with  the maximum  fire  loss  not  exceeding  the  nominated maximum  fire  cell 
area  for each  iteration. Wade considered an average of 39m2 per  fire. For  this 
research we  have  used  a  single  firecell  area  as maximum  fire  loss  area  for 
successful compartmentation in the event of a fire. 
7.11.5 Fire Incident rate 
Residential Buildings 
Wade et. al.,[54] estimated that 0.0045 reported fires per year per household on an 
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smooth  curve which  places  progressively more  emphasis  on  values  around 
(near)  the most  likely value,  in  favor of values around  the edges.  In practice, 
this means that we ʺtrustʺ the estimate for the most likely value, and we believe 
that  even  if  it  is  not  exactly  accurate  (as  estimates  seldom  are), we  have  an 
expectation that the resulting value will be close to that estimate. 
 
The  fire  incidence  rate  for  residential  buildings  is  represented  using  the 
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 Distribution for Fire initiating likelihood
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Figure 7.17: Probability density function for fire incidence rate - residential buildings 
 
Care Facility, Commercial and Retail Buildings 
Section  7.3  discussed  ignition  frequencies  determined  by  research  over  the 
world and  study done  in New Zealand. The author has used a  fire  initiating 





7.11.6 Fire Protection System Probability of Success 
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maximum value and most  likely value  that have been  identified  from various 
literature review as detailed in section 7.4.  
 
The  probability  of  detection  success  is  described  by  pert  distributions  the 
maximum, most  likely and minimum value as 0.9, 0.84 and 0.68  respectively. 
These probabilities  are  based  on  figures  given  by Bukowski[44]  and Houlding 
and Rew[43] 
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Figure 7.18: Probability density function for fire detection success 
 











  Page 7-114  


















0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
 Probability of manual suppression
 
 















0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
 Probability of sprinkler system success
 
 







  Page 7-115  
   
  
 
The probability of  fire  compartmentation  success  is defined by  the  success of 
fire  walls  and  penetrations.  This  is  described  by  pert  distributions  the 















Figure 7.21: Probability density function for fire compartmentation success 
7.11.7 Building Model Characteristics 
Building  height was  assumed  to  be  represented  by  a  pert  distribution with 
minimum, most likely and maximum values of 3.5, 5 and 7 m respectively. This 
is  only  an  estimate  by  the  author  and  not  based  on  any  actual  values.  The 
building plan aspect ratio (width : length) was assumed to be represented by a 
pert distribution with minimum, most likely and maximum values of 1, 3, and 6 
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Figure 7.23: Probability density function for aspect ratio 
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• Fire Detection  fixed  costs  – Represented  by  a  pert  distribution with  a 










value  of  $89/m2.  Sprinkler  system maintenance  costs  are  taken  as  $700 
per year which includes annual surveys. 
• Fire extinguisher fixed costs – Represented by a pert distribution with a 
minimum  value  of  $190/unit,  most  likely  value  of  $220/unit  and  a 




maximum  value  of  80/unit.  The  costs  include  the  annual  service.  A 
proportional cost for hydraulic testing and signage replacement has been 
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The  following  figures  represent  the  pert  distributions  for  fire  protection 
costs estimated above. 
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Figure 7.25: Probability density function for fire alarm variable costs 
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Figure 7.28: Probability density function for fire extinguisher maintenance costs 
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Social Costs      $285 per m2 
 
Business  interruption  costs  were  estimated  by  BERL[58]  based  on  insurance 
claims. Other direct economic costs were actual property and contents damage 
again based on insurance claims. BERL[58] estimated Fire Service costs on the net 
operational  expenditure  on  fire  fighting  and  other  fire  service  operations  as 
recorded in their annual report.  
Indirect  economic  costs  were  attributed  to  losses  to  other  upstream  firms 
supplying  goods  and  services  to  the  fire  affected  business  and  reduced 
consumption  costs were  attributed  to decrease  in  consumption  as  a  result  of 
employees and business owners  spending  less  following a decline  in  sales by 
the fire affected business. 
Social costs are  the costs estimated with  fire deaths and  injuries. As stated by 
BERL[58],  the value of  statistical  life  (VOSL) used was $2,469,900. The average 
loss of  life quality due  to serious and minor  injuries was estimated  to be 10% 
and 0.4% of the VOSL respectively. 
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Figure 7.34: Probability density function for reduced consumption costs 
7.11.10 Correlation between variables  
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degree of  correlation may  fall between  0  and  1,  0 being no  correlation  and  1 
being perfect correlation. Positive value  indicates  that an  increase  in  the  input 






• Sprinkler  installation  cost  is  negatively  correlated with  building  floor 
area. Larger the building economies of scale will apply, 
• Sprinkler  installation  cost  is positively  correlated with building height. 
Taller the building, floor to ceiling height increases, increasing the design 
fire and thus the sprinkler system, 
• Fire  alarm  system  fixed  cost  is  positively  correlated  to  the  floor  area. 
Larger floor area will increase the complexity of the system and thus the 
size of system, 
• Fire  alarm  system  variable  cost  is  negatively  correlated with  building 
floor area. Larger the building economies of scale will apply. 
• Fire  extinguisher  installation  cost  is positively  correlated with building 
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height  1.0               
Firewall cost  0.5  1.0             
Floor area  0.0  0.0  1.0           
Sprinkler 
install cost  0.6  0.0  ‐0.5  1.0         
Fire alarm 
fixed cost  0.0  0.0  0.5  0.0  1.0       
Fire alarm 
variable cost  ‐0.4  0.0  ‐0.4  0.0  0.0  1.0     
extinguisher 
install cost  0.0  0.0  0.4  0.0  0.0  0.0  1.0   
extinguisher 
maintenance  0.0  0.0  ‐0.4  0.0  0.0  0.0  0.0  1.0 
Table 7.23: Correlation Matrix 
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7.11.12 @ RISK Results 
Twenty‐five  thousand  iterations  were  calculated  for  each  scenario  for  each 
building. Each simulation resulted  in a convergence of  less  than 1% change  in 
the calculated mean and standard deviation values. Each iteration sampled the 
input distributions  for each  input variable and calculated  the “cost of  fire per 








The  simulations  for  “no  fire  protection”  investigated  the  effects  of  complete 
damage in a fire without fire service intervention. Fire service intervention has 
been modelled for a fully involved building with the fire being controlled with 
80%  damage  to  the  building.  “Automatic  fire  suppression”  has  investigated 
three  scenarios  where  sprinklers  have  suppressed  a  fire  after  manual 
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costs  and  indirect  losses. Although  the  direct  property  loss  costs  are what  a 
building owner would be interested in, we have included the other costs in the 




proportion  of  annual  fire  protection  costs  that  is  applicable  to  the  type  of 
building. The resultant outputs of the model are discussed below. 
RESIDENTIAL BUILDING 
For  a  residential  occupancy,  other  than  smoke  detectors  there  are  no  other 






The  cost  for  the building  fire protection  system has been  taken based on  the 
specific scenario. Table 7.24 outlines the results of the simulation. Based on the 
comparison  of  the  expected mean  values  the  “Manual  suppression  following 
manual detection” gives  the  lowest mean cost of  fire per year per household. 
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Scenario Total cost of fire per year per household (NZ$) 





No fire protection - complete loss 1620 306 2195(6) 
No fire protection - Fire service intervention 775 81 910(5) 
Manual suppression following manual 
detection 
77 6 89(1) 
Manual suppression following automatic 
detection 
99 18 134(2) 
Sprinkler suppression following failure of 
manual suppression 
474 107 673(3) 
Sprinkler suppression no manual 
suppression applied 
624 171 927(4) 
Table 7.24: Risk Output results for a residential occupancy 
 
Using  the  upper  95th  percentile  as  the  decision  criterion,  the  “Manual 
suppression following manual detection” gives the  lowest cost of fire per year 
per  household. This  can  be  interpreted  to mean  that  in  95%  of  the  cases we 
expect the cost of fire per year per household to be less than $89 when manual 











  Page 7-130  
   
  
 







0 0.875 1.75 2.625 3.5












i.e. an automatic  sprinkler  system with  smoke detectors & manual call points 
(Refer table 7.19). Although the Building Code does not call up hand operated 
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• Automatic  fire  sprinkler  system operation without manual  suppression 
attempt, 
• Fire contained in a single fire cell due to sprinkler failure. 
The  cost  for  the  building  fire  protection  system  has  been  taken  as  the  basic 
requirements of the C/AS1[1] i.e. a type 7 system with compartmentation of the 
building. C/AS1[1]  considers  that  in Hospitals and  care  facilities  it may not be 
possible to evacuate all occupants and therefore it may be designed for a defend 
in place strategy. The annualised fire protection cost for the building  is $ 4167 
and  an  annual  training  cost  of  $199.  These  costs  are  additional  cost  to  the 
building owner on top of the annual cost of a fire shown in table 7.25. Table 7.23 
outlines the results of the simulation.  
Scenario Cost of property loss per year (NZ$) Other costs per year 
(NZ$) 










No fire protection (91 - 100% 
damage) 
33428 8645 48393(7) 21048 24800 
Fire service intervention (80% 
damage) 
16343 4226 23659(6) 10290 12125 
Manual suppression following 
manual detection 
61 44 144(1) 39 46 
Manual suppression following 
automatic detection 
253 171 570(2) 161 190 
Sprinkler suppression following 
failure of manual suppression 
1985 1025 3865(3) 1268 1494 
Sprinkler suppression no manual 
suppression applied 
3502 1641 6337(4) 2237 2636 
Fire contained within single 
compartment due to sprinkler 
system failure 
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Using  the  upper  95th  percentile  as  the  decision  criterion,  the  “Manual 
suppression  following manual detection” gives  the  lowest cost of  fire  loss per 
year. This can be interpreted to mean that in 95% of the cases we expect the cost 
of  fire where manual  suppression was  successful  to  be  less  than  $144  (fire 
detected manually)  
The  Building  Code  requires  that  care  facility  buildings  are  provided with  a 
Type  7  system,  which  includes  an  automatic  sprinkler  system  with  smoke 
detection and manual call points. Therefore  in a care  facility  the  likelihood of 
detecting a fire is higher when it is relatively small and more likely to be put out 
using an extinguisher.  For a single compartment scenario it is assumed that the 
fire  is  contained  within  the  compartment  till  the  Fire  Service  arrives.  It  is 
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warehouse  and  offices  to  be  2  fire  cells.  For  simplicity  of  the  model  the 
warehouse  is  assumed  to  be  Fire  hazard  category  FHC3.  In  order  for  this 
building to comply with the Building Code the minimum requirement is a Type 
2 manual alarm system  for both  fire cells. This  is generally representative of a 
large proportion of single level light commercial buildings.  
For the purpose of this modelling we have assumed portable fire extinguishing 
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the  compartment  till  the  Fire  Service  arrives.  It  is  assumed  that  the 
compartment  will  undergo  a  complete  burnout  prior  to  Fire  Service 
intervention.  
The cost for a building fire protection system to comply with the requirements 
of  the  Building Code  i.e.  a  type  2  System  (manual  fire  alarm  comprising  of 
manual  call points  and  alerting devices) with  compartmentation  is  $2840 per 
year.  If  the  building  is  installed  with  an  automatic  sprinkler  system,  the 
annualised cost of fire protection is $3963. The annual training costs $695. These 
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Scenario Total cost of property loss per year (NZ$) other costs per year (NZ$) 









No fire protection (91 - 100% 
damage) 
166267 105671 372455(7) 21048 24800 
Fire service intervention (80% 
damage) 
58526 37196 131104(6) 37106 43720 
Manual suppression following manual 
detection 
201 204 608(1) 129 152 
Manual suppression following 
automatic detection 
829 813 2484(2) 530 624 
Sprinkler suppression following failure 
of manual suppression 
6498 5425 3865(3) 4160 4902 
Sprinkler suppression no manual 
suppression applied 
11474 9161 30025(4) 7341 8650 
Fire contained within single 
compartment 




following manual detection” gives  the  lowest mean  cost of  fire  loss per year. 
Using  the  upper  95th  percentile  as  the  decision  criterion,  the  “Manual 
suppression  following manual detection” gives  the  lowest cost of  fire  loss per 
year. This can be interpreted to mean that in 95% of the cases we expect the cost 
of  fire where manual  suppression was  successful  to  be  less  than  $608  (fire 
detected manually)  
The cost of a fire to the building owner will vary with the type of fire protection 
system  installed.  Therefore  if  a  fire  is  extinguished  manually  using  an 
extinguisher (fire detected manually), the total cost of a fire per year will vary 
from $4017  for a manual  (Type 2)  system  installed  to $5140  for an automatic 
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cells.  The  expected  storage  height  is  above  3m  therefore  the  fire  cells  are 
classified  as  fire hazard  category FHC4.  In  order  for  this building  to  comply 
with the Building Code the minimum requirement is a Type 3 automatic alarm 
system with heat detectors for both fire cells. However a large number of such 
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of  the Building Code  i.e. a  type 3 system with compartmentation  is $2840 per 
year.  If  the  building  is  installed  with  an  automatic  sprinkler  system,  the 
annualised cost of fire protection is $3963. The annual training costs $695. Table 
7.27 outlines the results of the simulation.  
Scenario Total cost of property loss per fire (NZ$) other costs (NZ$) 










No fire protection (91 - 100% damage) 696677 438519 1556631(7) 691864 442025 
Fire service intervention (80% damage) 245230 154359 547934(6) 243536 155593 
Manual suppression following manual 
detection 
413 420 1258(1) 412 263 
Manual suppression following 
automatic detection 
1704 1675 5128(2) 1698 1085 
Sprinkler suppression following failure 
of manual suppression 
13313 11504 35502(3) 13334 8519 
Sprinkler suppression no manual 
suppression applied 
23540 18731 61555(4) 23530 15033 
Fire contained within single 
compartment due to sprinkler system 
failure 
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following manual detection” gives  the  lowest mean  cost of  fire  loss per year. 
Using  the  upper  95th  percentile  as  the  decision  criterion,  the  “Manual 
suppression  following manual detection” gives  the  lowest cost of  fire  loss per 
year. This can be interpreted to mean that in 95% of the cases we expect the cost 
of  fire where manual  suppression was  successful  to  be  less  than  $1258  (fire 
detected manually)  
The cost of a fire to the building owner will vary with the type of fire protection 
system  installed.  Therefore  if  a  fire  is  extinguished  manually  using  an 
extinguisher (fire detected manually), the total cost of a fire per year will vary 
from $4908  for a manual  (Type 3)  system  installed  to $7208  for an automatic 
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was  further  estimated  that  an  average  fire  loss  area would  be  32m2 per  fire. 
Therefore the average property loss per m2 is $1023. 
BERL[58]  estimated  property  damage  based  on  New  Zealand  Fire  Service 
Statistics as shown in the table below. 
 
Figure 7.39: Composition of property damage in 2000, BERL 
 
From  table 7.39,  the average area  lost per  incident  for 0% – 10% damage  to a 
structure  is equivalent  to 6.5 m2.  In  section 7.11.2 we have estimated  fire  loss 
area due to manual suppression to be between 1 to 3 m2. The cost estimated for 
0%  to 10% damage  is approximately $6701 per  incident  ($1023 x 6.5 m2).   The 
risk model  predicts  property  loss  for manual  suppression  to  range  between 
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structure  is  equivalent  to  47 m2.  In  section  7.11.3 we have  estimated  fire  loss 
area due to sprinkler suppression to be between 3 to 20 m2. The cost estimated 
for 10%  to 50% damage  is approximately $47876 per  incident  ($1023 x 47m2). 








7.11.14 Sensitivity Analysis 
A regression sensitivity was done with the analysis. With this analysis, the rank 
correlation  is calculated between  the selected output variable and  the samples 
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Figure 7.40: Sensitivity analysis for cost of fire using manual suppression 
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Figure 7.42: Sensitivity analysis for cost of fire contained by compartmentation 
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Figure 7.43: Sensitivity analysis for cost of fire with no suppression  
 
7.11.15 Model limitations 
The  model  and  the  subsequent  analysis  method  used  rely  on  data  from 
previous  research  and  study.  The model  parameters  based  on  this  data will 
therefore require considering that the change in this data will have an effect on 




2. The  fire  loss  area  for different  scenarios  is based on  other  studies  and 
assumptions.  Fire  loss  area  for manual  suppression  is  based  study  by 
Ramachandran,  loss  area  for  sprinkler  suppression  on  BERL/BRANZ 
study,  loss area  for  compartmentation on BRANZ  study. Fire  loss area 
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for  complete  burnout  and  fire  service  intervention  is  based  on 
comparison of data recorded for structure fires by the New Zealand Fire 
Service (NZFS) and comparing it with BERL data. 
3. The  fire  initiating event  is based upon NZFS data  for Y 2003‐04. There 
has been a reduction in fires in some building types. 
The model has  also  considered  all  the buildings  of  the  specific  occupancy  to 
have all  fire protection  systems  installed.  In  reality many buildings especially 
older ones may not have all systems  installed. Therefore  in buildings where a 






compliance  with  the  Building  Code,  however  other  regulations  may 
require the installation of these equipment in most buildings, 
2. Portable  fire  extinguishers will provide additional protection while  the 
building is occupied in all occupancy classes, 




POSSIBLE FUTURE STUDY 
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8 Possible Future Study 
 Better data on fire loss areas for different occupancies in New Zealand. This 
study was  based  on  data  presented  by  Business  Economic  Research  Ltd 
(BERL)  and  the New Zealand Fire Service  (NZFS). The use of percentage 
property  saved  data  from  the  NZFS  was  an  estimate  provided  by  the 
attending fire officer and there is some scepticism over the accuracy of these 
figures.  Better  data  on  fire  loss  areas  for  buildings  with  different  fire 
protection  installation  is also essential.  In  the absence of quality data,  this 
study  has  used  engineering  judgement  in  making  assumptions  for  the 
modelling.  







to be a saving of  ₤ 1.5 million each year  in  terms of  fire service resources. 
The New Zealand survey conducted as a part of  this study as well as  the 
previous survey done by NZFS provides a very similar outcome in terms of 
incidents not  required  to  attend  by  the  fire  service  (89.9%). Further work 
needs  to be done with  the  fire service  to determine any cost saving  in  fire 
service  resources.  More  importantly  whether  attending  the  additional 
incidents  would  overwhelm  the  current  fire  service  resources.  It  is 
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 Further  study  to  include  human  behaviour  in  understanding  action  and 
reaction mechanisms for an individual discovering a fire for both male and 
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Based  on  the  risk  model  analysis  and  considering  an  upper  95  percentile 
decision criterion  for all  the model buildings,  the expected cost of  fire when a 
fire  is  suppressed  manually  following  detection  (manual  or  automatic)  is 
estimated  to be  the  lowest. The expected  fire costs  include an annualised cost 
for  fire  protection  installation  for  the  building  which  is  based  on  a  capital 
recovery formula. 
The  Fire  extinguisher usage  survey  2008  results  has  shown  a  trend which  is 
very similar to the European Survey in 2002[10] and the earlier 2003‐04 survey[31] 
done by the Fire Service for New Zealand. These results are summarized as  
• In  approximately  94%  of  the  incidents  recorded,  a  portable  fire 
extinguisher is totally effective in containing & suppressing a minor fire. 









and  Sprinklers)  and  other  passive  systems  (Fire  Separation  etc.)  provide  the 
building  with  a  high  degree  of  fire  safety  both  in  terms  of  life  safety  and 
property  protection  at  all  times.  Portable  Fire  Extinguishers  will  provide 
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Extract from Compliance Document C/AS1, 










































Extracted from the Compliance Document, C/AS1; Oct 2005 issued by the Department of Building and Housing 

















































Extracted from the Compliance Document, C/AS1; Oct 2005 issued by the Department of Building and Housing 




































Extracted from the Compliance Document, C/AS1; Oct 2005 issued by the Department of Building and Housing 
















Extracted from the New Zealand Sprinkler Standard NZS 4541:2007 








Extracts from Construction Act, Hazardous 
Substances and New Organisms Regulations, 












































Extract from the Construction Act 1959 032 
Figure B1: Health and Welfare Provisions to be provided by the employer 
 
 
Construction Act 1959  032  
Commenced: 1 Apr 1960  
Safety Provisions  





   17. Health and welfare provisions---(1) Subject to regulations under 
this Act, every employer shall provide and maintain at places 
 conveniently accessible to workmen employed by him in any construction 
 work adequate and suitable--- 
   (a) Supplies of drinking water; 
  (b) Accommodation for clothing; 
   (c) Accommodation for meals; 
   (d) Sanitary conveniences; 
   (e) First-aid facilities; 
   (f) Washing facilities; and 
  (g) Provision for the drying of clothes. 
 
   (2) Subject to regulations under this Act, every employer shall at 
all 
times, in respect of any construction work being carried out by him, 
 make adequate and suitable provision for--- 
   (a) Lighting and ventilation; 
   (b) Safe means of access and egress; 
  (c) The prevention of fire; and 
   (d) The dewatering of wet places. 
 
   (3) Regulations under this Act may prescribe measures to be taken to 
ensure compliance with subsections (1) and (2) of this section and may 
prescribe such other measures to be taken and safeguards to be 
provided 
 to secure the health and welfare of workmen employed in construction 
 work or of any class of those workmen as may be considered necessary 
by 
 the Governor-General in Council. 
 
   (4) Without limiting the general power contained in subsection (3) 
of 
 this section, it is hereby declared that regulations may be made under 
 this Act providing, in respect of workmen engaged in construction 
work, 
for the supply and use of protective clothing and equipment, the 
protection of eyes, and the protection from harmful effects arising 
from 

































Extract from the Construction Act 1959 032 









































































































































































































































Fire Extinguisher Use and Training
 
Fire Extinguisher Use and Training 
To optimize effective use of fire extinguishers, personnel should be trained in the 
use of fire extinguishers. Training of personnel in the use of fire extinguishers is 
desirable as it helps in controlling a fire in its initial stages and more so in 
occupancies requiring high degree of life safety such as hospitals, homes for 
persons with disabilities and welfare centers. It is required by an employer to 
provide such training to meet their obligations under the Health and Safety in 
Employment Act. 
 
The Fire Service and specialist training agencies generally recommend that the 
following procedures should form a guideline for building occupants who 
discover a fire within their building.  
 
ß Be prepared in advance: 
– Know where all the Manual Call Points, escape routes and fire exits are 
in your building are. 
– Familiarise yourself with the location and type of all extinguishers in 
your building, what types of fires they can be used on, and how to use 
them. 
 
ß When you discover a fire: 
– Remove any casualties or persons requiring assistance in the immediate 
vicinity to a place of safety (if it is safe for you to do so). 
– Assess fire size and decide if first aid fire fighting can be carried out 
safely. 
– Consider containing the fire by turning off heat source, shutting the 
door, etc. 
– Alert building occupants – Using the building fire alarm or shouting 
‘Fire, Fire, Fire!’ and initiate evacuation. 
– Contact the Fire Service – get someone else to call 111, stating premises 
name and address, including town and suburb. 
– Select the correct type of extinguisher for the class of fire. 
– Ensure another person backs you up with a second extinguisher. 
– Approach fire carefully as it may have grown substantially since first 
noticed, take care opening door to fire room. 
– Ensure a safe escape route is available at all times – do not let the fire get 
between you and your path to safety. 
– Operate extinguisher correctly – be prepared to use back up 
extinguisher. 
– Be prepared to evacuate if fire looks like getting out of control.  
– Never turn your back on the fire. 
 
ß When deciding if it is safe to fight the fire, consider: 
– Size of fire. 
– Type and amount of fuel. 
– Number of occupants in building and their proximity to you (what if you 
are alone?). 
– Proximity to nearest fire alarm and/or suitable fire extinguisher. 
– Location of suitable back up extinguisher. 
– Distance to place of safety and ease with which you can evacuate. 
– Size of fire on return. 
 
ß Always consider the following: 
First aid fire fighting should only be undertaken if it is safe to do so.  Anyone 
making the decision whether to attempt fire fighting, or to evacuate the building, 
must put their personal safety, and the safety of other occupants, first. 
 
ß Extinguisher Handling 
All extinguishers should be clearly labelled with simple operating instructions, 
and building occupants should be advised to familiarise themselves with the 
operating instructions before they need to use the extinguisher. Nevertheless, 
most extinguishers of the same type will operate in a similar manner, and the 
basic operating methods for common types of extinguishers are listed below. 
– Twist and pull to break tie and release pin.  Do not grip trigger during 
this process, as this may prevent pin from coming free. 
– All modern extinguishers are designed to work in an upright position. 
– Hold handle in one hand, hose (if fitted) in the other, aim away from fire, 
squeeze trigger to test extinguisher and assess discharge force and throw 
distance. 
– Advance no closer than necessary to the fire, keeping low, upwind if 
possible and always with the escape route behind you. 
– Squeeze trigger, aiming and sweeping nozzle as appropriate for 
extinguisher type. 
– Advance on fire as knockdown occurs, liquid fuel fires must be ‘chased’ 
until completely extinguished or else flashback will occur. 
– When retreating, always face the fire and be aware of flashback, 
particularly with Class B and F fuels. 
 
ß Additional operations specific to extinguisher type. 
Water 
ß Does not generally have an on/off lever, so user must be in position 
when activating. 
ß After removing pin, strike top of extinguisher to activate. 
ß Place finger over nozzle to adjust spray pattern. 
ß Aim water stream (solid jet) at nearest edge of base of fire, working 
back, then use spray pattern to dampen down. 
Foam 
ß Ensure nozzle hand does not cover aeration ports. 
ß Aim away from fire until produced foam is flowing. 
ß Play foam gently against vertical surface at rear of fire, allowing 
blanket to roll toward nearest edge of fire, otherwise roll on from 
nearest edge, or allow to fall on fire as fine droplets by aiming in to the 
air. 
Powder 
ß Be aware of discharge force. 
ß Aim nozzle at vapour space between fuel and flames and sweep 
vigorously from side to side. 
Carbon Dioxide 
ß Be aware of discharge force. 
ß Do not grasp horn in hand due to extreme cold. 
ß Sweep extinguisher from side to side at medium speed to lay CO2 on 
to fire so as to displace the oxygen. 
ß Do not touch metal surfaces in path of medium due to extreme cold. 
ß Be aware of possible static charge from horn. 
ß Be aware of asphyxiation danger in confined space and limited 










University of Canterbury Private Bag 4800, Christchurch 8140, New Zealand. www.canterbury.ac.nz 
 
College of Engineering 
Michael Spearpoint 
Department of Civil and Natural Resources Engineering 
Tel: +64 (0)3 364 2237, Fax: + 64 (0)3 364 2758 
Email: michael.spearpoint@canterbury.ac.nz 
3rd June 2008 
Dear Sir/Madam, 
USE OF HAND-HELD FIRE EXTINGUISHERS IN BUILDINGS 
 
Biswadeep Ghosh currently working on his Masters degree in Fire Engineering at the University of 
Canterbury. As part of his project he is looking to gather information regarding the use of hand held fire 
extinguishers. The data are being collected purely for statistical reasons. Although forms are to be returned to 
the FPANZ fax number they will not to be retained or used by the FPANZ. Individual companies and 
commercial information will not be identified in the research and if you request, the forms can be destroyed 
once the project has been completed. Should you have any concerns or comments about this project, please 




Dr Michael Spearpoint 










Understanding Fire as a Risk
Understanding Fire as a Risk 
Fire can be good or bad, useful or threatening, absolutely essential but 
potentially lethal depending on the situation it is used in. If it is controlled it 
is beneficial and sometimes essential, if it is uncontrolled it can cause 
fatalities, destroy property and interrupt businesses. 
What is burning? 
The burning process is a continuous chemical reaction between oxygen and 
fuel that have heated up to ignition temperatures. This represents the triangle 
of fire. When you remove any one component the fire goes out. Burning 
occurs when a fuel combusts and gives off enough heat to keep the burning 
going. Nearly 21% of the air is oxygen so there is generally enough for a fire 
to burn. Sometimes other substances can act as oxidizers and therefore 
materials that burn freely in air can burn violently in the presence of 
oxidizers. Fires can be slow, without flames – smouldering, or fast and 
explosive. In between we have flaming fires. Fuels come in different forms, 
solids (wood, coal, paper etc), liquids (petroleum products, alcohols etc) and 
gases (propane, methane etc). Most of the burning happens when there is 
sufficient heat produced so that solid and liquid fuels generate vapour that 














Figure 1: The Fire Triangle 
Ignition Sources 
Fires start when an ignition source containing enough energy heats up a fuel 
to its piloted or auto-ignition temperature. The amount of energy required 
depends on the fuel size and its packing configuration. Most of the time it is 
the ignition source that starts a fire since fuel and air are normally available 
together under most circumstances. One of the key concepts in fire prevention 
is to remove the ignition source. The following table summarizes some of the 
main ignition sources in New Zealand and overseas. 
 
Ignition Source Percentage 
Arson 40% 
Failure or improper use of electrical equipment 
or electrical wiring systems that are overloaded 
15% 
Carelessly discarded lighted cigarette materials 15% 
Hot work operations (welding and cutting) and 
failure to follow hot work permit procedures 
15% 
Other causes including: 
- Chemical reactions 
- spontaneous ignition or self heating 
- friction (when mechanical equipment is 
poorly lubricated or maintained) 
- external fires (sparks or radiated heat) 
- static electricity 
15% 
extract from SNZ HB 4525 – Fire Risk Management Handbook 
Table 1: Ignition Sources  
Fuels 
For a fire to start, the fuel must be in the right form. For example, it is 
relatively difficult to set wood on fire when it is in the form of newly felled 
tree trunk. After drying and cutting into smaller pieces of wood, it is easier to 
set on fire. If the wood is converted to paper, it can easily be set on fire. Wood 
dust in air can be explosive. 
 
Fuels are in available as a solid, liquid or in gaseous form. Sometimes fuels 
are in different forms based on how they are stored or at different 
temperatures and can offer challenges. Example LPG is a liquid when it is 
cold and stored in a cylinder, as it warms up it boils and forms an invisible 
vapour. LPG being heavier than air it floats at ground level and is able to 
channel into drains etc. 
Oxygen 
Oxygen is present in air at a mix ratio of 21%. This ratio decreases as we move 
to higher altitude. Oxygen can also be stored and used for controlled fires, 
like Oxy-acetylene torches etc. Therefore, oxygen leaks can enhance the 
burning process and make fuels burn violently. 
Breaking the Fire Triangle 
Removing or reducing one of the sides of fire will cause the fire to slow and 
finally go out. Extinguishing systems are based on this principle. Prevention 
of fires also can be achieved if we remove one of the sides of the fire triangle. 
The fire triangle can be broken by the following processes: 
ß Removing the ignition source or removing heat – Lack of an ignition 
source Oxygen is present in air at a mix ratio of 21%. This ratio 
decreases as we move to higher altitude. Cooling the fire so that there 
is insufficient heat to continue burning. Extinguishing agents like 
water, CO2 etc help in cooling the fire thus reducing the burning 
process till it stops. 
ß Remove the oxygen source – Fire cannot continue burning without 
oxygen, therefore a lack of oxygen will smother the fire. Smothering 
agents such as foam or dry powder starve the fire of oxygen thus putting it 
out. CO2 extinguishers evacuate oxygen from the immediate region of 
fire thus the fire is unable to sustain. 
ß Remove the fuel – Burning does not happen if there is no fuel to burn. 
If we can remove the fuel from a source of heat we can prevent a fire 
from stating, if a fire is burning, if we are able to reduce the fuel or 
apply agents that stop the chemical reaction, the burning process is 
interrupted. 
 
If we are able to keep one side of the triangle away from the other sides a 
fire cannot start, in practical terms keeping the heat/ignition source away 
from fuels is the easiest. 
How do fires start? 
All fires start with an ignition source that is either new or no longer 
contained. For ignition to occur, all the following conditions must exist 
simultaneously and be continuous. 
ß Sufficient heat must be present to provide the required energy for the 
chemical reaction to start. Energy to cause ignition will vary with 
different fuels. The energy to cause ignition may be in the form of a 
match strike, spark, cigarette or open flame; 
ß There has to be enough fuel vapour in the air; not too much, not too 
little; and 
ß There has to be sufficient oxygen to burn. 
Once a fire has started it is a self sustaining heat engine. A fire is the 
combustion of vaporized fuel, which when burnt produces heat, which in 
turn converts more fuel into vapour, thus continuing the combustion cycle. 
The speed with which a fire grows will depend upon what is available to 
burn and how it is arranged. Some fuels can quickly spread fires while others 
burn locally. 
How fast do fires grow? 
The rate of fire growth depends on the fuel that is burning, and how much air 
can get to the fire. Fires in liquids and gases grow very fast but some solid 
materials also burn easily. Thin materials like cardboard burn faster than 
thick materials like timber. The arrangement of the fuel also determines fire 
growth and spread. The amount of fuel available per square area determines 
the fire load, a high fire load can result in a very large fire. 
How does heat move around? 
The usefulness or destruction from a fire results from the movement of heat 
away from the flame into the adjacent area. Heat is generally transferred in 
the following three modes: 
 
1. Convection – transfer of heat by moving particles or liquids or gases, 
like the heat that flows out of a kettle in a flow of steam, 
 
2. Conduction – transfer of heat through a solid, like heat that we feen 
when we touch a hot stove body, 
 
3. Radiation – transfer of heat by infrared electromagnetic radiation, heat 





















Figure 2: Modes of Heat Transfer 
What is smoke and how does it spread? 
Smoke from fires is a hot product of combustion. It essentially comprises of 
water vapour, carbon dioxide, carbon monoxide, un-burnt carbon, 
combustion vapours and other gaseous by products depending on the fuel 
that is burning. Smoke generated during a fire is a hindrance to escape and 
can be fatal. 
 
Because smoke is usually much hotter than the surrounding air it has 
buoyancy and can move through openings and doors to the top of a building 
and gradually fill it. Generally smoke rises upwards and then descends down 
till it spills out of the room. All the time the heat from the smoke is warming 
the building and its contents. Eventually, other parts of the building, remote 
from the original fire, can ignite by the heat from the smoke. Smoke is also 
dangerous as it can spread to different parts of a building via ceiling voids, 
service ducts, lift shafts etc. 
 
Generally smoke endangers life in a fire situation because: 
- it reduces visibility including light illumination, 
- contains poisonous gases, 
- is capable of transferring heat and thus fire spread, 






































Figure 4: Smoke Spread in a building 
How does fire develop in a room? 
Fires burn fast especially in an enclosed space. This is mainly because smoke 
from a fire radiates heat back to the room, thus creating sufficient heat to 
increase the temperature in the room which starts to increase vaporization of 
fuels thus creating conditions for other fuel packages to ignite.  
 
If a room has inadequate ventilation it causes the fire to slowly burn out, 
however there may be sufficient hot combustible vapours that could explode 
if a door or window opened suddenly. This is generally known as a back draft 
and it has disastrous consequences. When a room has adequate ventilation 
the fire tends to burn with an exchange of fresh air and smoke, air entering at 
lower level and entraining into the smoke plume. The smoke layer descends 
as the fire burns hotter. At this stage there is sufficient heat in the room to 
spontaneously ignite other combustibles in the room thus involving the entire 
room, this is termed as flashover. At this stage hot gases flow out of the 
compartment of fire origin into the neighbouring compartments thus causing 
fire to spread rapidly. Flashover occurs generally when the compartment 
temperature reaches around 600 deg C. At this time the fire continues burns 
out of control till all fuel is consumed or fire fighters intervene. 
 
The various stages of fire are  
1. Ignition  
2. Incipient / smouldering 
3. Growth 
4. Steady state 
5. Decay 



















Figure 5: Stages of Fire Development 
 How can fires be detected and controlled? 
Fires can grow fast and become deadly, it is important that we detect them 
early, preferably with an automatic system. Detection of fires is based on 
early identification of combustion products. Detectors may be designed to 
detect smoke, heat, CO2, obscuration (beam detectors) or multi criteria. 
The essential principle is to provide an early warning to occupants before 
a fire becomes fully developed. 
 
Detection systems are combined with alarm systems that provide audible 
(sounders) or visual (strobes / warning lights) indications to occupants 
and initiates evacuation. Alarms are also connected to the Fire Service 
receiving equipment that alerts the Fire Department of the building, area 
and type of alarm. This is essential since certain buildings may require 
staged evacuation or assistance during evacuation (hospitals, secure 
facilities etc.) It also ensures that a fire incident is monitored after-hours 
when the building may not be occupied. Most of the detection and alarm 
systems in New Zealand are designed and installed to comply with NZS 
4512. 
 
Most detection systems are designed for life safety, however automatic 
suppression systems are also provided in buildings to fight fires, contain 
them to aid evacuation and for property protection. Sprinklers, gas 
suppression, foam suppression are some of the automatic systems 
available to fight fires. Other than these buildings are equipped with 
hydrant risers to assist the Fire Service to fight fires. Most automatic fire 
suppression systems are also interface with the alarm system to alert 
occupants and the Fire Service if a system has activated. 
 
Apart from automatic systems, manual detection by sight and smell is also 
another way of raising alarm. Occupants discovering a fire can raise alarm 
by operating a manual call point if their building is installed with one or 
by verbal communication using phones, PA systems etc. Successful 
evacuation using manual detection however is dependant on the size of 
fire when it is discovered. Similar to detection manual intervention of a 
fire in its incipient stage using portable fire fighting equipment can result 
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